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PROCEEDINGS 
OF THE 


GEOLOGICAL SOCIETY OF LONDON. 
SESSION 1906-1907. 


November 7th, 1906. 


Sir Arcurpatp Gerxisz, D.C.L., Sc.D., Sec.R.S., President, 
in the Chair. 


Arthur R. Andrew, Imperial Institute, South Kensington, 8.W.; 
Stanislas Napier Bell, Derby (Tasmania); Thomas Henry Davies, 
Queen Margaret Gold-Mines, Bulong (Western Australia); Stanley 
Charles Dunn, Assoc.R.S.M., Sudan Government-Geologist, Khartum 
(Sudan); William Thomas Griffiths, Assoc.R.S.M., Sibpur College, 
Calcutta ; Isaac Hodges, Whitwood, Normanton; P. K. Majumdar, 
M.1I.M.E., 45 George Road, Edgbaston, Birmingham; Leonard 
Edward Beard Pearse, 79 Gordon Road, Ealing, W.; Charles 
Blades Coverdale Storey, M.A., F.L.S., F.R.G.8., Lancaster, and 
244 Portland Place, W.; HKdward Brough Taylor, M.Inst.C.E., 
Caxton House, Westminster, S.W.; and John Robert Robinson 
Wilson, M.Inst.C.H., H.M. Inspector of Mines, 182 Chapeltown 
Road, Leeds, were elected Fellows of the Society. 


The List of Donations to the Library was read. 


The following communications were read :— 


1. ‘The Upper Carboniferous Rocks of West Devon and North 
Cornwall.” By E. A. Newell Arber, M.A., F.L.S., F.G.S. 

2. ‘The Titaniferous Basalts of the Western Mediterranean.’ By 
Dr. Henry 8. Washington, For.Corr.Geol.Soc. 

VOL. LXIII. a 


il PROCEEDINGS OF THE GEOLOGICAL socizty.  [Feb. 1907, 


The following specimens, photographs, and maps were ex-_ 
hibited :— 


Specimens from the Upper Carboniferous rocks of West Devon 
and North Cornwall, and lantern-slides, exhibited by E. A. Newell 
Arber, M.A., F.L.S., F.G.S., in illustration of his paper. 

Photographs taken in Japan and at San Francisco, 1906, exhibited 
and presented by Ivan A. Stigand, B.A., F.G.S. 

A photograph of a section in Barbados, showing soil formed by 
volcanic dust (?), resting upon the Coral-Formation of the island, 
exhibited on behalf of G. Hughes, F.C.S., by the Secretary. 

Geological Survey of England & Wales: l-inch Map,n.s., Sheets 
110, 123, and 357 & 360, colour-printed, presented by the Director 
of H. M. Geological Survey. 

Geological Commission of the Cape of Good foe: Geological Map 
of the Colony, on the scale of 3? miles to the inch—Sheet 1, by 
A. W. Rogers, ‘E. H. L. Schwarz, & ALE: Du Toit, presented by ‘the 


Phavementioned Commission. 


November 21st, 1906. 


Sir AncurpaLp Gernre, D.C.L., Sce.D., Sec.R.S., President, 
in the Chair. 


The List of Donations to the Library was read. 


The following communications were read :— 


1. ‘The Kimeridge Clay and Corallian Rocks of the Neigbour- 
hood of Brill (Buckinghamshire). By Arthur Morley Davies, 
ALC S., Boe. F-G.S- 

2. ‘On the Skull and greater Portion of the Skeleton of Gonio- 
pholis crassidens from the Wealden Shales of Atherfield (Isle of 
Wight).’ By Reginald Walter Hooley, F.G.S. 


The following specimens, etc. were exhibited :— 


Jurassic fossils and specimens of selenite, from near Brill (Buck- 
inghamshire), exhibited by A. M. Davies, A.R.C.S., B.Sc., F.G.S., in 
illustration of his paper. 

Skull of Goniopholis crassidens, exhibited by R. W. Hooley, F.G.S., 
in illustration of his paper. 

A photograph of a specimen of Sizgmaria, bearing on its fractured 
surface an impression of Lepidodendron Sternbergvi, found in the 
grounds of the Scuth Yorkshire Asylum, near Sheffield, exhibited on 
behalf of Mr. H. W. B. Cotterill. 
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December 5th. 1906. 


Sir Arcur1paLD Gerkie, D.C.L., Sc.D., Sec.R.S., President, 
in the Chair. 


Capt. Henry Alford, Dalcross Castle (Inverness-shire) ; Stanley 
Claude Bailey, Assoc.M.Inst.C.E., The Laurels, Banstead Road, 
Ewell (Surrey); Benjamin Alfred Baker, 11 Westbury Park, 
Durdham Down, Bristol; Asok Bose, c/o Messrs. Thomas Cook & 
Son, London; Moses Bruines Cotsworth, Acomb, York; Samuel 
Rennie Haselhurst, B.Sc., Lecturer in Geology & Geography, 14 
Edith Street, Tynemouth; Douglas R. Home, 30 Lexham Gardens, 
W.; H. Cecil Jones, Geological Survey of India, Calcutta; William 
John Lakeland, Hsipau, Northern Shan States (Upper Burma) ; 
Frederic Maurice Lavanchy, 30 St. Augustine’s Avenue, Croydon ; 
Guy Pilgrim, B.Sc., Geological Survey of India, Calcutta; William 
Kdmund Francis Powney, Chief Chemist to the Keyptian Govern- 
ment, c/o G. T. Holloway, 57 Chancery Lane, W.C.; and Arthur 
Beeby Thompson, A.M.I.Mech.E., Leadenhall Buildings, Leadenhall 
Street, E.C., were elected Fellows of the Society. 


The List of Donations to the Library was read. 


The following communications were read :— 


‘On the Geological Conditions which have contributed to the 
Success of the Artesian Boring for Water at Lincoln.’ By Prof. 
Edward Hull, M.A., LL.D., F.R.S., F.G.S. 


2. ‘Notes on the Raised Beaches of oe (Northern Chile).’ 
By Oswald Hardey Evans, F.G.S. 


The following specimens, etc. were exhibited :— _ 


Specimens from the Lincoln boring, exhibited by Percy Griffith, 
M.Inst.C.E., F.G.8., in illustration of Prof. E. Hull’s paper. 

Specimens and drawings, exhibited by O. H. Evans, F.G.S., in 
illustration of his paper. 

International Geological Congress Map of North America, and 
lantern-slides illustrative of the Excursions of the International 
Geological Congress, Mexico, 1906, exhibited by Maurice M. Allorge, 
Lic. és Sc., F.G.S. 
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December 19th, 1906. 


Sir Arncuipanp Gergte, D.C.L., Sc.D., Sec.R.S., President, 
in the Chair. 


Hansaburo Hunter, Assoc.R.S.M., 24 & 25 Fenchurch Street, E.C., 
and 29 Kobe (Japan) ; Decoece G. Hutchison, Assoc.R.S.M., 
PO, Box. 3/1, Anekland (New Zealand); George inde Long- 
staft, M.A., MD., Highlands, Putney Heath, S.W., and ieee 
Mortehoe, B.S.0. (North Devon) ; Murray Se Vesta House, 
Lodge ead Birmingham ; and Ivor Thomas, B.Sc., Ph.D. nie 
Palzontologist to oe Geological Survey, leas. Jermyn Street, 
S.W., and Glanamman (Caermarthenshire), were elected Fellows ; 
Coon Hermann zu Solms-Laubach, Professor of Botany in the 
University of Strasburg (Alsace), was elected a Foreign Member; 
and Prof. William Morris Davis, Harvard University, Cambridge 
(Mass.), U.S.4., was elected a Foreign Correspondent of the 


Society. 
The List of Donations to the Library was read. 


The following communications were read :— 


1. ‘The Post-Cretaceous Stratigraphy of Southern Nigeria.’ By 
John Parkinson, B.A., F.G.S.. 


2. ‘The Geology of the Oban Hills (Southern Nigeria).’ By 
John Parkinson, B.A., F.G.S. 


3. ‘The Crystalline Rocks of the Kukuruku Hills (Central 
Province of Southern Nigeria).’ By John Parkinson, B.A., F.G.S. 


The following specimens and maps were exhibited :-— 


Rock-specimens and microscope-sections from Southern Nigeria, 
exhibited by John Parkinson, B.A., F.G.S., in illustration of his 
papers. 

Genes’ Geological Map of Rumania, Sheets 28, 29, & 34, 
= a 1906, presented by Dr. G. Stefanesct, Director of the Geolo- 


gical Survey of that kingdom. 
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January 9th, 1907. 


Sir Arcarpatp Gurrnre, D.C.L., Sc.D., Sec. R.8., President, 
in the Chair. 


Capt. Francis Ivan Leslie Ditmas, M.I.M.E., United Forces 
‘Club, 117 Piccadilly, W.; Frederick Alldis Eastaugh, Forty Hill, 
Enfield; John Jervis Garrard, Mutual Buildings, Smith Street, 
Durban (Natal); and John Hilder Woodhead, 3 College Mansions, 
Winchester Avenue, Brondesbury, N.W., were elected Fellows of 
‘the Society. 


The following Fellows, nominated by the Council, were elected 
Auditors of the Society’s Accounts for the preceding year :— 
Cartes Fox Srranaways and Capt. ArtHUR W. SrirFe. 


‘The List of Donations to the Library was read. 


The following communications were read :— 


1. ‘On the Cretaceous Formation of Bahia (Brazil) and on the 
‘Vertebrate Fossils contained therein.’ By Joseph Mawson, F.G.S., 
and Arthur Smith Woodward, LL.D., F.R.S., F.L.S., F.G:S. 


2. ‘On a New Dinosaurian Reptile from the Trias of Lossie- 
mouth, Elgin.” By Arthur Smith Woodward, LL.D., F.R.S., F.LS., 
F.G.S. 


The following specimens were exhibited :— 


Lower Cretaceous fossils from Bahia (Brazil), collected by Joseph 
Mawson, F.G.S., exhibited by him and by A. Smith Woodward, 
LL.D., F.R.S., F.L.S., F.G.S., in illustration of their paper. 

Upper Cretaceous vertebrate fossils from Northern Brazil, and 
a specimen of Stereosternum tumidum from the Permo-Carboniferous 
of Sao Paulo (Brazil), exhibited by A. Smith Woodward, LL.D., 
BLS; BIS., F.G.8. 

A new Leptolepid fish from the Wealden of Southwater, Hors- 
ham ae exhibited by A. Smith Woodward, LL.D., F.R.S 
BE Gee 

Two specimens of a new Dinosaurian reptile, obtained by 
Mr. William Taylor, from the Trias of Lossiemouth, Elgin, ex- 
hibited by A. Smith Woodward, LL.D., F.R.S., F.LS., F.G.S., 
in illustration of his paper. 


ON 
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January 23rd, 1907. 


Sir Arncurpatp Geri, D.C.L., Sc.D., See.R.S., President, 
in the Chair. 


The List of Donations to the Library was read. 


The following communication was read :— 


‘On the Geology of the Zambezi Basin around the Batoka 
Gorge (Rhodesia).’ By George William Lamplugh, F.R.S., F.G.S. 
With Petrographical Notes by Herbert Henry Thomas, M.A., B.Sc., 
F.G.S. 


The following specimens, maps, ete. were exhibited :— 


Specimens from the Zambezi Basin around the Batoka Gorge 
(Rhodesia), together with photographs and lantern-slides, exhibited 
by G. W. Lamplugh, F.R.S., F.G.S., in illustration of his paper. 

Lantern-slides, exhibited by H. H. Thomas, M.A., B.Sc., F.G.S., in 
illustration of the petrographical notes accompanying Mr. Lamplugh’s 

aper. 
nae from Mombasa and the neighbouring mainland, exhibited 
by M. E. Frames, F.G.8., G. W. Lamplugh, F.R.S., F.G.8., and 
H. B. Muff, B.A., F.G:S. 


The following specimens found in the ‘ Roberts Victor ’ diamond- 
mine, about 20 miles east of Boshof (Orange River Colony), were 
exhibited by E. H. V. Melvill, F.G.8., namely :—I. Oxidized kimber- 
lite, locally known as ‘ yellow ground.’ II. ‘ Cyanite-garnet-rock.” 
It is the only specimen, a portion of a small rounded boulder, 
found in the mine; but smaller pebbles are occasionally found. 
An extract from a letter received from Prof. Dr. R. Beck, of 
Freiberg, describing the specimen, is printed in the Transactions 
of the Geological Society of South Africa, 1906. III. Garnet-rock 
found in the same mine; the boulders are plentiful, and measure 
occasionally 2 feet in diameter. 

Thirty-five quarter-sheets of the 6-inch Geological Survey-map 
of Staffordshire, surveyed by G. Barrow, W. Gibson, T. I. Pocock, 
& C. B. Wedd, 2nd editions, presented by the Director of H.M. 
Geological Survey. fie 


February 6th, 1907. 
J. EH. Marr, Sc.D., F.R.S., Vice-President, in the Chair. 


James Stanley Diggle, The Hollies, Heywood (Lancashire); 
George Allan Frost, 16 Homesdale Road, Bromley (Kent); Richard 
Samuel Johnson, Public Works Department, Cradock (Cape Colony) ; 
Ezra Masillamani, B.A., B.Sc., A.R.C.S., Geologist to the Travancore 
Government, Trivandrum (Southern India); William Dicks Shuard, 
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B.Se., L.C.P., Mackenzie Park, Slough; Gavin Hildick Smith, 
Thornleigh, Lichfield Road, Walsall; Bernard Smith, B.A., 
Geological Survey, 28 Jermyn Street, S.W.; and Samuel Shepheard 
Stanley, Fair View House, Harbury, Leamington, were elected 
Fellows of the Society. 


The List of Donations to the Library was read :— 


The following communications were read :— 


1. ‘ Note on the Cervical Vertebra of Zeuglodon fon the Barton 
Clay of Barton Cliff (Hampshire).’ By Charles William Andrews, 
BLA., Dise. BoOR:S., F.G:S: 


2. ‘The Origin and Age of the Plateaus around Torquay. By 
Alfred John Jukes-Browne, B.A., F.G.S. 


The following specimens and maps were exhibited :— 


A cervical vertebra of Zeuglodon Wanklyni from Barton Cliff, 
exhibited by Dr. C. W. Andrews, B.A., F.R.S., F.G.S., in illustration 
of his paper. 

Specimens of vertebra of Prozeuglodon atrow, from the Middle 
Eocene of Egypt, exhibited by Dr. C. W. Andrews, B.A., F.R.S., 
F.G.S. 

Geological Survey of England and Wales: Geological Map, 
1 inch = 1 mile, n.s., Sheet 341, West Fleet (Dorset) Drift, by 
A. Strahan (colour-printed, 1907); and Index Map, 1 inch = 
4 miles, Sheets 8 & 12, Drift (colour-printed, 1907), presented by 
the Director of H.M. Geological Survey. 


ANNUAL GENERAL MEETING, 
February loth, 1907. 


Sir Agcuipatp Gerke, D.C.L., LL.D., Se.D., Sec.R.S., 
President, in the Chair. 


ReEpoRtT oF THE Councit For 1906. 


Tue generally-flourishing condition of the Society was marked in 
the past year by a welcome increase in the Number of Fellows. 
In 1906 the Fellows elected numbered 54 (as compared with 48 
in 1905), and 38 of these paid their Admission-Fees before the 
end of the year. Moreover, 12 Fellows who had been elected in 
the previous year paid their Admission-Fees in 1906, making the 
total Accession of new Fellows within the twelve months under 
review amount to 50. 

Setting against this number a loss of 38 Fellows (27 by death, 
7 by resignation, and 4 by removal from the List, under Bye-Laws, 
Sect. VI, Art. 5), it will be noted that there is an increase in the 
Number of Fellows of 12 (as compared with a decrease of 12 in 
1905, and of 3 in 1904). 

The total Number of Fellows is thus increased to 1251, made 
up as follows :—Compounders, 273 (7 less than in 1905); Con- 
tributing Fellows, 946 (20 more than in 1905, and 12 more than 
in 1904); and Non-Contributing Fellows, 32 (1 less than in 1905). 

Turning now to the Lists of Foreign Members and Foreign 
Correspondents, we have to deplore the loss, through an unfor- 
tunate lift-accident, of 1 Foreign Member, the venerable Prof. Hugene 
Renevier ; and also the loss of 1 Foreign Correspondent, Prof. 8. 
L. Penfield. Moreover, at the end of 1905, there had remained 
two vacancies in the List of Foreign Correspondents. These 
vacancies were, in part, filled by the transfer of Count Hermann zu 
Solms-Laubach from the List of Foreign Correspondents to that of 
Foreign Members; and by the election of Prof. J. M. Clarke, 
Prof. W. M. Davis, and Dr. J. J. Sederholm as Foreign Cor- 
respondents. At the end of 1906 there was still one vacancy in 
the List of Foreign Correspondents. 

With regard to the Income and Expenditure of the Society during 
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the year 1906, the figures set forth in detail in the Balance-Sheet 
may be summarized as follows :— 

The actual Receipts, excluding the Balance of £305 2s. 9d. 
brought forward from the previous year, amounted to £2943 18s. 6d., 
being £82 9s. 6d. less than the estimated Income. 

On the other hand, the total Expenditure during the same 
period amounted to £3032 19s. 8d., being £141 18s. 4d. less than 
the estimated Expenditure for the year, and £89 1s. 2d. in excess 
of the actual Receipts, the year closing with a Balance in hand of 
£216 1s. 7d. The principal item in regard to which the Expen- 
diture exceeded the sum provided in the Estimates was that of 
Miscellaneous Printing (excess £20 19s. 11d.). On the other hand, 
no Expenditure was incurred in respect of Ventilation (for which 
£90 Os. Od. had been allowed) or in respect of the History of the 
Geological Society (for which £50 Os. Od. had been allowed). 
Mr. H. B. Woodward has completed the ‘ History, and is now 
engaged in passing it through the press. The illustrations are 
being prepared under the supervision of Prof. E. J. Garwood, and 
Mr. R. 8. Herries has undertaken the section connected with the 
Charter and the Bye-Laws. 

A Committee has been appointed to make the necessary arrange- 
ments in connexion with the forthcoming celebration of the 
Centenary of the foundation of this Society. The celebration is to 
take place in the latter days of September, and it is hoped that 
there will be a numerous attendance of Delegates from kindred 
institutions in this country and abroad. 

The Council have to announce the completion of Vol. LXII and 
the commencement of Vol. LXIIT of the Society’s Quarterly Journal. 

Full particulars in regard to Mr. C. Davies Sherborn’s admirably- 
compiled Card-Catalogue of the Library are set forth in the 
appended Report from the Library-and-Museum Committee. 

The fourth Award from the Daniel-Pidgeon Trust-Fund was 
made, on May 9th, 1906, to Miss Helen Drew, Newnham College, 
Cambridge, who proposed to examine the relationship of the Caradoc 
and Llandovery rocks in South Wales, between the Llandeilo and 
Fishguard districts. 

The followiag Awards of Medals and Funds tee also been made 
by the Council :— 

The Wollaston Medal is awarded to Prof. William Johnson 
Sollas, F.R.S., in recognition of the value of his ‘researches 
concerning the mineral structure of the Earth,’ and particularly 
of his valuable contributions to the sciences of Petrology and 
Paleontology. 

The Murchison Medal, together with a Sum of Ten Guineas 
from the Murchison Geological Fund, is awarded to Mr. Alfred 
Harker, F.R.S., in recognition of his valuable contributions to 
Geological Science by means of his Petrological Memoirs, especially 
those relating to the Isle of Skye. 

The Lyell Medal, together with a Sum of Twenty-Five Pounds 
from the Lyell Geological Fund, is awarded to Dr. Joseph 
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Frederick Whiteaves, ‘as a mark of honorary distinction, and as an 
expression on the part of the Council that he has deserved well of 
the Science,’ by his prolonged researches on the Geology and Pale- 
ontology of Canada. 

The Bigsby Medal is awarded to Mr. Arthur William Rogers, 
M.A., as an acknowledgment of his eminent services to Geology, 
especially in relation to the Geological Survey of Cape Colony. 

The Balance of the Proceeds of the Wollaston Donation-Fund is 
awarded to Dr. Arthur Vaughan, B.A., as an acknowledgment of 
the value of his investigations into the Zonal Sequence of the Lower 
Carboniferous Rocks, and to encourage him in further research. 

The Balance of the Proceeds of the Murchison Geological Fund 
is awarded to Dr. Felix Oswald, as an acknowledgment of his 
investigations into the Geology of Armenia, and of his exertions in 
overcoming the difficulties which he encountered in the publication 
of his results. 

A moiety of the Balance of the Proceeds of the Lyell Geological 
Fund is awarded to Mr. Thomas Crosbee Cantrill, B.Sc., in 
recognition of the value of his contributions to our knowledge of 
the Paleozoic Rocks of Wales and the Forest of Wyre, and to 
encourage him in further research. 

The other moiety of the Balance of the Proceeds of the Lyell 
Geological Fund is awarded to Mr. Thomas Sheppard, F.G.S., as 
an acknowledgment of the excellent work accomplished by him on 
the Geology of Eastern Yorkshire, and as an encouragement to 
further research. 


Report oF THE LIBRARY-AND-MvsEumM CoMMITTEE FoR 1906. 


The Committee have pleasure in reporting that the Additions 
made to the Library during the year under review have maintained, 
both in number and in importance, the standard of previous years. 

During the past twelve months the Library has received by 
donation 239 Volumes of separately-published Works, 309 Pamphlets 
and detached Parts of Works, 289 Volumes and 70 detached Parts 
of Serial Publications, and 24 Volumes of Newspapers. 

The total Number of Accessions to the Library by Donation is 
thus found to amount to 552 Volumes, 509 Pamphlets, and 80 
detached Parts. Moreover, 52 Sheets of Geological Maps were 
presented to the Library, including 28 Folios of the ‘Geologic 
Atlas of the United States’; 9 Sheets received from the Geological] 
Survey of Sweden; 6 Sheets from the Geological Survey of England 
& Wales (one being a general geological map of the British Isles) ; 
3 Sheets from the Geological Survey of Rumania; and 2 from that 
of Japan. Messrs. J. B. Harrison & C. W. Anderson presented 
their geological map of parts of the Essequibo and Cuyuni Rivers 
(British Guiana); and single-sheet Maps were received from the 
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Geological Surveys of Scotland, the Cape Colony, the Transvaal 
Colony, Queensland, and Alabama. 

Among the Books and Pamphlets mentioned in the foregoing 
paragraph, especial attention may be directed to the following 
works :—Vol. II of Miss Hertha Sollas’s translation of Suess’s 
‘ Face of the Earth’; the second and final volume of the monograph 
on the Rocks of Cape-Colville Peninsula (N.Z.), by Prof. W. J. 
Sollas & Dr. A. McKay ; the new edition of Sir Boverton Redwood’s 
great monograph on ‘ Petroleum & its Products’; Capt. H. G. 
Lyons’s ‘ Physiography of the, River Nile’; Dr. R. D. M. Verbeek’s 
‘Description géologique de PIle d’Ambon’; the 5th edition of 
Prof. G. A. J. Cole’s ‘ Aids to Practical Geology’ ; Mr. J. H. Sears’s 
monograph on the Physiography, Geology, etc. of Essex County 
(Mass.); M. L. Cayeux’s ‘Structure & Origine des Grés du 
Tertiaire parisien’; the second edition of Sir Archibald Geikie’s 
‘Founders of Geology’; the Scientific Reports of the French 
Government Expedition to the Sahara; the Geological Report on 
the Country traversed by the South Australian Government’s 
prospecting Expedition to the North-West Territory; Dr. C. W. 
Andrews’s Catalogue of the Tertiary Vertebrata of the Fayim in 
the Natural History Museum ; Mr. E. A. Newell Arber’s Catalogue 
of the Glossopteris-Flora in the same Museum ; the geology of the 
following counties, forming part of the Victoria History of the 
Counties of England: Bedfordshire, Berkshire, Derbyshire, Devon, 
Durham, Somerset, and Warwickshire; the Geological Survey- 
Memoirs on the Scilly Isles, Sidmouth & Lyme Regis, Stoke-upon- 
Trent, Macclesfield & Congleton, and Mid-Argyll; the Memoirs on 
the Water-Supply of Suffolk and that of the Hast Riding of York- 
shire; Dr. A. Strahan’s ‘Guide to the Geological Model of the Isle 
of Purbeck’; and the 2nd edition of Mr. H. B. Woodward’s 
Memoir on ‘Soils & Sub-Soils of London & its Neighbourhood.’ 
Moreover many valuable publications, too numerous to particularize 
in this place, were received from the Geological Surveys and other 
Government Departments of the Cape Colony, the Transvaal 
Colony, Natal, the various States of the Commonwealth of Australia, 
New Zealand, Mysore, British Guiana, Newfoundland, New Jersey, 
Towa, Ohio, the United States, Finland, Russia, ete., and from the 
New York State Museum, the Bergen Museum, and the Indian 
Museum, Calcutta. 

The Books and Maps, enumerated above, were the gift of 169 
Personal Donors; 129 Government Departments and other Public 
Bodies ; and 175 Societies and Editors of Periodicals. 

The Purchases, made on the recommendation of the standing 
Library Committee, included 37 Volumes and 9 detached Parts of 
separately-published Works; 40 Volumes and 9 Parts of Works 
published serially ; and 15 Sheets of Maps. 

In consequence of certain suggestions, made by Dr. F. A. Bather, 
for improvement in the method of binding books in the Society’s 
Library, a ‘ Binding Sub-Committee’ was appointed on March 8th, 
1905; and, after considering the very carefully-compiled statistics 
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and other data brought before them by Dr. Bather, the Sub- 
Committee recommended that the use of calf be discontinued, and 
that it be replaced in part by pigskin, mountain sheepskin, and other 
leathers, and in part by better classes of cloth than those hitherto 
used, the binders being required to pledge themselves to strict 
compliance with the regulations in the matter of binding prescribed 
by the Society of Arts. The necessary specifications were drawn 
up by Dr. Bather, and a great improvement is now discernible in 
the bindings in the Library,—the total expenditure involved re- 
maining apparently much the same as before the adoption of more 
durable forms of binding. The Committee are of opinion that the 
Society is deeply indebted to Dr. Bather for his strenuous exertions 
in this matter. 
The Expenditure incurred in connexion with the Library during 
the year 1906 was as follows :— 
ECS... die 
Books, Periodicals, etc. purchased.......... 63511 0 
Binding of Books and Mounting of Maps.... 146 18 5 


LALO, 9 


The Card-Catalogue of the Library, begun in 1901, has now, 
thanks to the unremitting labour devoted to it by Mr. C. D. Sherborn, 
been brought into a sufficiently-forward state to be of general use 
to the Fellows. It comprises the whole of the 1881 Catalogue, 
the ‘separata’ listed annually since that date, and all the entries 
in ‘Geological Literature’ from 1894 to the end of 1905. As 
soon as the editing of the existing material is complete (a task 
which will reduce some 140,000 cards to about 80,000, and so 
allow room for the annual accessions for some years to come), an 
attempt will be made to extract the geological material from the 
Periodical and Academical literature of the past. "The Catalogue 
is, therefore, practically complete from 1894, it contains a large 
number of Entries relating to earlier years, and will gradually 
become more and more complete. 


Musxrum. 


For the purpose of study and comparison, the Society’s Collections 
were visited on 27 occasions during the year, the contents of about 
84 drawers being thus examined. The permission of the Council 
having been duly obtained, about 43 specimens were lent during 
1906 to various investigators. 

No expenditure has been incurred in connexion with the Museum 
during the past year. 
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The appended Lists contain the Names of Government Depart- 
ments, Public Bodies, Societies, Editors, and Personal Donors, from 
whom Donations to the Library have been received during the year 
under review :— 


I. GovERNMENT DEPARTMENTS AND OTHER Pustic Boprks. 


Alabama.—Geological Survey, Montgomery (Ala.). / 

American Museum of Natural History. New York. 

Argentina.—Ministerio de Agricultura, Buenos Aires. 

Australia (S.). See South Australia, eéc. 

Austria.—Kaiserlich- Kénigliche Geologische Reichsanstalt. Vienna. 

Bavaria.—K@nigliches Bayerisches Oberbergamt. Munich. 

Belgium.—Académie Royale des Sciences, des Lettres & Beaux-Arts de Belgique. 
Brussels. 

—. Musée Royal d’Histoire Naturelle. Brussels. 

Bergen.—Bergens Museum. 

Berlin.—KGnigliche Preussische Akademie der Wissenschaften. 

Birmingham, University of. 

Bohemia.—Naturwissenschaftliche Landesdurchforschung. Prague. 

Royal Museum of Natural History. Prague. 

Bristol.—Public Library. 

British Columbia.—Department of Mines, Victoria (B.C.). 

British Guiana.—Department of Mines, Georgetown. 

British South Africa Company. London. 

Buenos Aires.—Museo Nacional de Buenos Aires. 

California, University of. Berkeley (Cal.). 

Cambridge (Mass.).—Museum of Comparative Zoology, Harvard College. 

Canada.—Geological & Natural History Survey. Ottawa. 

, High Commissioner for. London. 

GPE ott eg vebartntelth of Agriculture: Geological Commission. Cape 

own. 
South African Museum. Cape Town. 

Chicago.—‘ Field’ Columbian Museum. 

Cérdoba (Argentine Republic).—Academia Nacional de Ciencias. 

Cracow.—Académie des Sciences. (Akademie Umiejetnosci.) 

Denmark.—Commission for Ledelsen af de Geologiske og Geographiske Undersé- 
gelser i Grénland. Copenhagen. 

. Kongelige Danske Videnskabernes Selskab. Copenhagen. 

Dublin.—Royal Ivish Academy. 

Egypt.—Department of Public Works: Geological Survey. Cairo. 

Finland.—Finlands Geologiska Undersékning. Helsingfors. 

France.—Ministére des Travaux Publics. Paris. 

Muséum d’Histoire Naturelle. Paris. 

Germany.—Kaiserliche Leopoldinisch-Carolinische Deutsche Akademie der 
Naturforscher. Halle an der Saale. 

Great Britain—Army Medical Department. London. 

British Museum (Natural History). London. 

Colonial Office. London. 

Geological Survey. London. 

Home Office. London. 

India Office. London. 

Holland.—Departement van Kolonien. The Hague. 

Hull.—Municipal Museum. 

Hungary.—Konigliche Ungarische Geologische Anstalt (Magyar Féldtani 
Tarsulat). Budapest. 

India.—Geological Survey. Calcutta. 

Indian Museum. Calcutta. 

——. Surveyor-General’s Office. Calcutta. 

Iowa Geological Survey. Des Moines (Iowa). 

Ireland.—Department of Agriculture & Technical Instruction. Dublin. 

Italy.— Reale Comitato Geologico. Rome. 

Japan.—EHarthquake-Investigation Committee. Tokio. 

Geological Survey. Tokio. 


WA 
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Jassy, University of. 

Kansas.— University Geological Survey. Lawrence (Kan.). 
Kingston (Canada).—Queen’s College. 

London.—City of London College. 

——. Imperial Institute. 

——. Royal College of Surgeons. 

University College. 

Magdeburg.—Museum ftir Natur- und Heimatkunde. 
Melbourne (Victoria).—National Museum. 
Mexico.—Instituto Geolégico. Mexico City. 

Michigan College of Mines. Houghton (Mich.). 
Milan.—Reale Istituto Lombardo di Scienze & Lettere. 
Missouri.—Bureau of Geology & Mines. Jefferson City (Mo.). 
Montana University. Missoula (Mont.). 
Munich.—KGnigliche Bayerische Akademie der Wissenschaften. 
Mysore Geological Department. Bangalore. 
Nancy.—Académie de Stanislas. 

Naples.—Accademia delle Scienze. 

Natal.—Department of Mines. Pietermaritzburg. 
Geological Survey. Pietermaritzburg. 

Government Museum. Pietermaritzburg. 
Newcastle-upon-Tyne.—Armstrong College. 

New Jersey.—Geological Survey. Trentham (N.J.). 

New South Wales, Agent-General for. London. 

Department of Mines & Agriculture. Sydney (N.S.W.). 
Geological Survey. Sydney (N.S.W.). 

New York State Museum. Albany (N.Y.). 

New Zealand.—Department of Mines. Wellington (N.Z.). 
Geological Survey. Wellington (N.Z.). 
Norway.—Geological Survey. Christiania. 

Nova Scotia—Department of Mines. Halifax (N.S.). 

Ohio Geological Survey. Columbus (Ohio). 

Padua.—Reale Accademia di Scienze, Lettere & Arti. 
Paris.—Académie des Sciences. 

Perak Government. Taiping. 

Peru.—Ministerio de Fomento. Lima. 

Pisa, Royal University of. 

Portugal.—Commiss4o dos Trabalhos geologicos. Lisbon. 
Prussia.—Ministerium fiir Handel & Gewerbe. Berlin. 
K6nigliche Preussische Geologische Landesanstalt. Berlin. 
Queensland, Agent-General for. London. 

——. Department of Mines. Brisbane. 

Geological Survey. Brisbane. 

Redruth School of Mines. 

Rhodesia.—Chamber of Mines. Bulawayo. 

Rhodesian Museum. Bulawayo. 

Rio de Janeiro.—Museu Nacional. 

Rome.—Reale Accademia dei Lincei. 

Russia.—Comité Géologique. St. Petersburg. 

Section Géologique du Cabinet de S.M. l’Empereur. St. Petersburg. 
South Australia, Agent-General for. London. 

——. Geological Survey. Adelaide. 

Spain.—Comision del Mapa Geolégico. Madrid. 
Stockholm.—Kongliga Svenska Vetenskaps Akademi. 
Sweden.—Sveriges Geologiska Undersdkning. Stockholm. 
Switzerland.—Geologische Kommission der Schweiz. Berne. 
Tasmania.—Secretary for Mines. Hobart. 

Tokio.—Imperial University. 

College of Science. 

Transvaal.—Geological Survey. Pretoria. 

Mines Department. Pretoria. 

Turin.—Reale Accademia delle Scienze. 

United States.—Department of Agriculture. Washington (D.C.). 
Geological Survey. Washington (D.C.). 

National Museum. Washington (D.C.). 

Upsala, University of. 
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Victoria (Austral.). Agent-General for. London. 

—— (——). Department of Mines. Melbourne. 

(——). Geological Survey. Melbourne. 
Vienna.—Kaiserliche Akademie der Wissenschaften. 
Washington (D.C.).—Smithsonian Institution. 

Territory (U.S.A.).—Geological Survey. Olympia (Wash.). 


West Indies.—Imperial Agricultural Department. Bridgetown (Barbados). 


Western Australia, Agent-General for. London. 

—. Department of Mines. Perth (W.A.). 

—. Geological Survey. Perth (W.A.). 

Wisconsin.—Geological & Natural History Survey. Madison (Wisc.). 


LL. Socrerres AnD EpIToRs. 


Acireale-—Accademia di Scienze, Lettere & Arti. 
Adelaide.—Royal Society of South Australia. 
Agram.—Societas Historico-Naturalis Croatica. 
Alnwick.—Berwickshire Naturalists’ Club. 
Basel.—Naturforschende Gesellschaft. 

Bath.—Natural History & Antiquarian Field-Club. 
Belgrade.—Servian Geological Society. 

Berlin.— Deutsche Geologische Gesellschaft. 

Gesellschaft Naturforschender Freunde. 

‘ Zeitschrift fiir Praktische Geologie.’ 
Berne.—Schweizerische Naturforschende Geselischaft. 
Bishop Auckland.—Wearside Naturalists’ Field-Club. 
Bombay Branch of the Royal Asiatic Society. 
Bordeaux.—Société Linnéenne. 

Boston (Mass.).—American Academy of Arts & Sciences. 
Boston Society of Natural History. 

Bristol Naturalists’ Society. 

Brooklyn (N.Y.) Institute of Arts & Sciences. 
Brunswick.—Verein fiir Naturwissenschaft zu Braunschweig. 
Brussels.—Société belge de Géologie, de Paléontologie & d’Hydrologie. 
Badapest.—Féldtani Kézlony. 

Buenos Aires.—Sociedad Cientifica Argentina. 
Bulawayo.—Rhodesian Scientific Association. 

Caen.—Société Linnéenne de Normandie. 

Calcutta.— Asiatic Society of Bengal. 

——. ‘Indian Engineering.’ 

Cambridge Philosophical Society. 

Cape Town.—South African Association for the Advancement of Science. 
South African Philosophical Society. 

Cardiff.—South Wales Institute of Engineers. 
Chambéry.—Société d’Histoire Naturelle de Savoie. 
Chicago.—‘ Journal of Geology.’ 

Christiaiia.—Norsk Geologisk Forening. 

‘Nyt Magazin for Naturvidenskaberne.’ 
Colombo.—Ceylon Branch of the Royal Asiatic Society. 
Colorado Springs.— Colorado College Studies.’ 

Croydon Natural History & Scientific Society. 
Denver.—Colorado Scientific Society. 

Dijon.— Académie des Sciences, Arts & Belles Lettres. 
Dorpat (Jurjew).—Naturforschende Geseilschaft. 
Dresden.—Naturwissenschaftliche Gesellschaft. 

——. Verein fiir Erdkunde. 

Edinburgh Geological Society. 

——. Royal Scottish Geographical Society. 

——. Royal Society. 

Ekaterinburg.—Société Ouralienne d’Amateurs des Sciences Naturelles. 
Falmouth.—Royal Cornwall Polytechnic Society. 

Frankfurt am Main.—Senckenbergische Naturforschende Gesellschaft. 
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Freiburg im Breisgau.—Naturforschende Gesellschaft. 
Geneva.—Société de Physique & d’ Histoire Naturelle. 
Giessen.—Oberhessische Gesellschaft fiir Natur- & Heilkunde. 
Glasgow.—Geological Society. 

Gloucester.—Cotteswold Naturalists’ Field-Club. 
Gratz.—Naturwissenschaftlicher Verein fiir Steiermark. 
Haarlem.—Société Hollandaise des Sciences. 

Halifax (N.S.).—Nova Scotian Institute of Science. 

Hamilton (Canada) Scientific Association. 
Hanau.—Wetterauische Gesellschaft fiir Gesammte Naturkunde. 
Havre.—Société Géologique de Normandie. 
Helsingfors.—Société geographique de Finlande. 
Hereford.—Woolhope Naturalists’ Field-Club. 
Hermannstadt.—Siebenbtirgischer Verein fiir Naturwissenschaft. 
Hertford.—Hertfordshire Natural History Society. 

Hull Geological Society. 

Indianapolis (Ind.).—Indiana Academy of Science. 

J ohannesburg.— Geological Society of South Africa. 
Kiev.—Société des Naturalistes. 

Lancaster (Pa.).—* Economic Geology.’ 

Lausanne.—Société Vaudoise des Sciences Naturelles. 
Lawrence (Kan.)—‘ Kansas University Bulletin.’ 

Leeds Geological Association. 

. Philosophical & Literary Society. 

. Yorkshire Geological & Polytechnic Society. 

Leicester Literary & Philosophical Society. 

Leipzig.—‘ Zeitschrift ftir Krystallographie & Mineralogie.’ 
Liége.—Société Géologique de Belgique. 

Société Royale des Sciences. 

Lille.—Société Géologique du Nord. 

Lima.—‘ Revista de Ciencias.’ 

Lisbon.—Sociedade de Geographia. 

Liverpool Geological Society. 

Literary & Philosophical Society. 

London.—‘ The Atheneum.’ 

British Association for the Advancement of Science. 
British Association of Waterworks Engineers (now The Association of 
Water-Engineers). 

Chemical Society. 

‘The Chemical News.’ 

‘The Colliery Guardian.’ 

‘The Geological Magazine.’ 

Geologists’ Association. 

Institution of Civil Engineers. 

Institution of Mining & Metallurgy. 

Iron & Steel Institute. 

Linnean Society. 

‘The London, Edinburgh, & Dublin Philosophical Magazine.’ 
Mineralogical Society. 

‘The Mining Journal.’ 

‘Nature.’ 

Paleontographical Society. 

* The Quarry.’ 

Ray Society. 

‘Records of the London & West-Country Chamber of Mines.’ 
Royal Agricultural Society. 

Royal Geographical Society. 

Royal Institution. 

Royal Meteorological Society. 

Royal Microscopical Society. 

Royal Photographic Society. 

Royal Society. 

Society of Arts. 

Society of Biblical Archzology. 

‘The South-Eastern Naturalist’ (S.E. Union of Scientific Societies). 
Victoria Institute. 

‘ Water.’ 

Zoological Society. 
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Manchester Geological & Mining Society. 

. Literary & “Philosophical Society. 

Melbourne (Victoria).—Australasian Institute of Mining Engineers. 
Royal Society of Victoria. 

‘The Victorian Naturalist.’ 

Mexico.—Sociedad Cientifica ‘ Antonio Alzate.’ 

Moscow.—Société Impériale des Naturalistes. 

New Haven (Conn.).—* The American Journal of Science.’ 

New York.—Academy of Sciences. 


¢ Engineers. / 


* Science.’ 

Newcastle-upon-Tyne.—Institution of Mining Engineers. 

~ North-of-England Institute of Mining & Mechanical E1 ngineers, 

—. University of Durham Philosophical ‘Society. 

Northampton.—Northamptonshire Natural History Society. 

Niirnberg.—Naturhistorische Gesellschaft. 

Oporto.—Academia polytecnica. [| Coimbra. | 

Ottawa.—Royal Society of Canada. 

Paris.—Commission Frangaise des Glaciers. 

—. Société Frangaise de Minéralogie. 

—. Société Géologique de France. 

‘Spelunca.’ 

Penzance.—Royal Geological Society of Cornwall. 

Perth.—Perthshire Society of Natural Science. 

Philadelphia.—Academy of Natural Sciences. 

American Philosophical Society. 

Pisa.—Societa Toscana di Scienze Naturali. 

Plymouth.—Devonshire Association for the Advancement of Science. 

Rennes.—Société Scientifique & Médicale de Ouest. 

Rochester (N.Y.).—Academy of Science. 

—. Geological Society of America. 

Rome.—Societa Geologica Italiana. 

Rugby School Natural History Society. 

Santiago de Chile——Sociedad Nacional de Mineria. 

Société Scientifique du Chili. 

Sao Paulo.—Sociedade Scientifica. 

Scranton (Pa.).—‘* Mines & Minerals.’ 

St. John (N.B.).—Natural History Society of New Brunswick. 

St. Petersburg.—Russische Kaiserliche Mineralogische Gesellschaft. 

Stockholm.—Geologiska Foérening. 

Stratford.—Essex Fieid-Club. 

Stuttgart.— Centralblatt ftir Mineralogie, Geologie & Palaontologie.’ 

——. ‘Neues Jahrbuch ftir Miner alogi ee, ’Geolosie & Palaontologie.’ 

—. Oberrheinischer Geologischer Verein. 

———. Verein fiir Vaterlandische Naturkunde in Wiirttemberg. 

—. ‘Zeitschrift ftir Naturwissenschaften.’ 

‘Sydney (N.S.W.).—Linnean Society of New South Wales. 

Royal Society of New South Wales. 

Toronto.—Canadian Institute. 

Toulouse.—Société d’ Histoire Naturelle. 

‘Truro.—Royal Institution of Cornwall. 

Vienna.— Beitrage zur Palaontologie & Geologie Csterreich-Ungarns & des 
Orients.’ 

—. ‘Berg- & Hiittenmannisches Jahrbuch.’ 

Kaiserlich-K6nigliche Zoologisch-Botanische Gesellschaft. 

Washington (D.C.).—Academy of Sciences. 

—. Biological Society. 

—. Philosophical Society. 

Wellington (N.Z.).—New Zealand Institute. — 

Wiesbaden.—Nassauischer Verein fiir Naturkunde. 

York.—Yorkshire Philosophical Society. 
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Baldwin- Wiseman, W.R. 
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Basedow, H. 
Bayer, F. 
Blount, B. 
Blumer, S. 
Bodenbender, G. 
Bourcart, F. E. 
Branner, J.C. 
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Plotts, W. 
Preiswerk, H. 
Pritchard, G. B. 


Reade, T. M. 
Reed, H. F. 
Reid, C. 
Richardson, L. 


Richthofen, Baroness F. 


von. 
Rosenbusch, H. 
Rothpletz, A, 
Rutot, A. 


Sacco, F. 

Salter, A. E. 
Salter, Miss Mary. 
Sandberg, C. 
Sarasin, C. 
Sawyer, A. R. 
Scalia, S. 
Schaffer, F. von. 
Schmidt, H. 
Scott, D. H. 
Sears, J. H. 
Seward, A. C. 
Sheppard, T. 
Sherborn, C. D. 
Solly, R. H. 
Springer, H. F. 
Steinmann, G. 
Stobbs, J. T. 
Strangways, C. Fox. 
Suess, E. 

Sulva, E. 
Sutcliffe, G. E. 


Tassin, W. 
Termier, P. 
Thompson, B. 
Thoroddsen, Th. 
Tobler, A. 
Tornquist, S. L. 
Twelvetrees, W. H. 


Uhlig, V. 
Ussher, W. A. E. 


Vaughan, A. 
Verbeek, R. D. M. 


Walford, E. A. 
Walther, J. 
Ward, the late J. 
Warren, S. H. 
Weicher, W. 
Whitaker, W. 
Wieland, G. R. 
Wilckens, O. 
Woodward, H. 
Woodward, H. B. 
Woolacott, D. 
Wortman, J. L. 
Wright, J. 
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CoMPARATIVE STATEMENT OF THE NUMBER OF THE SOCIETY AT THE 
CLosrE oF THE YEARS 1905 anv 1906. 


Dee. 31st, 1905. Dec. 31st, 1906. 
Compounders:. ..'.. 4.2... ist) ae 273 
Contributing Fellows...... 12s On ee / 946 
Non-Contributing Fellows. . caer Ry hs 32 
1239 1251 
Foreign Members ........ 2 LA ae ee ae 40) 
Foreign Correspondents. ... 38 yee? 39 
Nod Wy 1330 


Comparative Statement, explanatory of the Alicrations in the Number 
of Fellows, Foreign Members, and Foreign Correspondents at the 
close of the years 1905 and 1906. 

Number of Compounders, Contributing and Non- 1239 
Contributing Fellows, December 31st, 1905 .. ‘i 


Add Fellows elected during the former year and 
eae 12 
Pini) Ces petty Pe iatet agate! & < ¥ ai. tle ‘ns 


Add Fellows elected and paid in 1906 ........ 38 


Deduct Compounders deceased................ 12 
Contributing Fellows deceased .......... 14 
Non-Contributing Fellow deceased ...... 1 
Contributing Fellows resigned .......... th 
Contributing Fellows removed .......... + 


Number of Foreign Members and Foreign aoe ry 
respondents, December 31st, 1905 | 
Deduct Foreign Member deceased ........ 1 
Foreign Correspondent deceased .... 
Foreign Correspondent elected 
Poreiam Members) 0.22... 5 } 


Add Foreign Member elected .......... 1 
Foreign Correspondents elected .... 3 
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DECEASED FELLOWS. 


Compounders (12). 


Barron, T. | Hambly, C. H. B. 
Churchill, G. C. | Langtree, C. W. 

Clarke, C. B. | Morris, J. F. 

De Rance, C. E. | Perazzi, Commendatore C. 
Dickinson, W. | Ricarde-Seaver, Major F. I. 
Garnett-Botfield, W. E. | Trotter, C. 


Resident and other Contributing Fellows (14). 


Goodchild, J. G. 
Goss, W. H. 


Blake, Rev. J. F. 
Cunnington, W. 


Dewes, H. Harris, G. F. 
Dutton, H. B. Jervis, Cav. W. P. 
Emary, P. Leighton, T. 


Fream, Prof. W. 
Frogley, J. H. 


Ward, J. 
Wolf, G. de. 


Non-contributing Fellow (1). 
Sowerby, W. 


DercessED Forrren MEMBER (1). 


Renevier, Prof. E. 


DeceaseD Forrten CorresPoNDENT (1). 


Penfield, Prof. 8S. L. 


Frettows ResiegNeD (7). 


Brown, J. W. | Farrar, S. H 
Bullock, J. H. 
Card, G. W. 
Datta, P. N. - i 
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Fretiows Removen (4). 


Don, Dr. J. RB. Freeman, T. K. 
Douglas, E. A. Hry,.G. Mi, 


The following Personage was elected a Foreign Member during the 
year 1906 :— 


Solms-Laubach, Count Hermann zu, of Strasburg. 


The following Personages were elected Foreign Correspondents during 
the year 1906 :— 


Prof. John M. Clarke, of Albany, N.Y. (U.S.A.). 
Prof. William Morris Davis, of Cambridge, Mass. (U.S.A.). 
Dr. Jakob Johannes Sederholm, of Helsingtors. 


After the Reports had been read, it was resolved :— 
That they be received and entered on the Minutes of the Meeting, 


and that such parts of them as the Council shall think fit be printed 
and circulated among the Fellows. 


It was afterwards resolved :— 


That the thanks of the Society be given to Mr. R. 8. Herries, 
retiring from the office of Vice-President. 
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That the thanks of the Society be given to Prof. T. G. Bonney, 
Mr. R. 8. Herries, Mr. Philip Lake, Mr. Bedford McNeill, and the 
Rey. H. H. Winwood, retiring from the Council. 


After the Balloting-Glasses had been closed, and the Lists examined 
by the Scrutineers, the following gentlemen were declared to 
have been duly elected as the Officers and Council for the ensuing 


year :— 
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OFFICERS AND COUNCIL.—1907. 


PRESIDENT. 
Sir Archibald Geikie, D.C.L., Sc.D., LL.D., Sec.R.S. 


VICE-PRESIDENTS. 


John Edward Marr, Se.D., F.R.S. 

Prof. William Johnson Sollas, Sc.D., LL.D., F.R.S. 
Aubrey Strahan, Se.D., F.R.S. 

J.J. Harris Teall, M.A., D.Sc., F.R.S. 


SECRETARIES, 


Prof. William W. Watts, M.A., M.Sc., F.R.S.. 
Prof. Edmund J. Garwood, M.A. 


FOREIGN SECRETARY. 
Sir John Evans, K.C.B., D.C.L., LL.D., F.R.S., F.L.S. 


TREASURER. 
Horace Woollaston Monckton, Treas. L.S. 


COUNCIL, 


H. H. Arnold-Bemrose, J.P., M.A. 

Prof. 8. H. Cox, F.C.S., Assoc. R.S.M. 

Sir John Evans, K.C.B., D.C.L., 
LL.D., F.R.S. 

Prof. Edmund J. Garwood, M.A. 

Sir Archibald Geikie, D.C.L., Se.D., 

 LL.D., Sec.R.S. 

W.H. Hudleston, M.A., F.R.S., F.L.S. 

Finlay Lorimer Kitchin, M.A., Ph.D. 

George William Lamplugh, F.R.S. 

Prof. Charles Lapworth, M.Sc., 
Lips ERS: 

Richard Lydekker, B.A., F.R.S. 

John Edward Marr, Sc.D., F.R.S. 


Horace W. Monckton, Treas.L.S. 

Frederick William Rudler, 1.8.0. 

Prof. William Johnson Sollas, Sc.D.. 
din ed Bek at 

Leonard James Spencer, M.A. 

Aubrey Strahan, Sc.D., F.R.S. 

Charles Fox Strangways. 

Jou. ee Teall, M.A., D:Se., E.R. 

Richard Hill Tiddeman, M.A. 

Prof.W.W.Watts, M.A.,M.Sc., F.R.S. 

Henry Woods, M.A. 

Arthur Smith Woodward, LL.D., 
HoneS., WLS: 


| HoraceBolingbroke Woodward,F.R.S. 
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LIST OF 


THE FOREIGN MEMBERS 


OF THE GEOLOGICAL SOCIETY OF LONDON, in 1906. 


Date of 
Election. ~ : 
1874. Prof. Albert Jean Gaudry, Parvs. 


1877. Prof. Eduard Suess, Vienna. 

1880. Geheimrath Prof. Ferdinand Zirkel, Leipzag. 

1884. Commendatore Prof. Giovanni Capellini, Bologna. 
1885. Prof. Jules Gosselet, Lille. 

1886. Prof. Gustav Tschermak, Veenna. 

1888. Prof. Eugéne Renevier, Lausanne. (Deceased.) 

1890. Geheimrath Prof. Heinrich Rosenbusch, Herdelderg. 
1891. Prof. Charles Barrois, Lille. 

1893. Prof. Waldemar Christofer Broegger, Christiania. 
1893. M. Auguste Michel-Lévy, Parvs. 

1893. Dr. Edmund Mojsisovics von Mojsvar, Vienna. 

1893. Prof. Alfred Gabriel Nathorst, Stockholm. 

1894. Prof. George J. Brush, New Haven, Conn. (U.S.A.). 
1894. Prof. Edward Salisbury Dana, New Haven, Conn. (U.S.A.). 
1895. Prof. Grove Karl Gilbert, Washington, D.C. (U.S.A.). 
1895. Dr. Friedrich Schmidt, St. Petersbur G- 

1896. Prof. Albert Heim, Ziirich. 

1897. M. Edouard Dupont, Brussels. 

1897. Dr. Anton Fritsch, Prague. 

1897. Prof. Albert de Lapparent, Paris. 

1897. Dr. Hans Reusch, Christianza. 

1898. Geheimrath Prof. Hermann Credner, Lezpzig. 

1898. Dr. Charles Doolittle Walcott, Washington, D.C. (U.S.A.). 
1899. Prof. Marcel Bertrand, Paris. (Deceased.) 

1899. Senhor Joaquim Felipe Nery Delgado, Lisbon. 

1899. Prof. Emmanuel Kayser, Marburg. 

1899. M. Ernest Van den Broeck, Brussels. 

1899. Dr. Charles Abiathar White, Washington, D.C. (U.S.A). 
1900. M. Gustave F. Dollfus, Pars. 

1900. Prof. Paul Groth, Munich. 

1900. Dr. Sven Leonhard Tcernquist, Lend. 

1901. M. Alexander Petrovich Karpinsky, St. Petersburg. 
1901. Prof, Alfred Lacroix, Parvs. 

1903. Prof. Albrecht Penck, Berlin. 

1903. Prof. Anton Koch, Budapest. 

1904. Prof. Joseph Paxson Iddings, Chicago (U.S.A.). 

1904. Prof. Henry Fairfield Osborn, New York (U.S.A). 
1905. Prof. Louis Dollo, Brussels. 

1905. Prof. August Rothpletz, Munich. 

1906. Prof, Count Hermann zu Solms-Laubach, Str asburg. 
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LIST OF 
THE FOREIGN CORRESPONDENTS 


OF THE GEOLOGICAL SOCIETY OF LONDON, rw 1906. 


Date of 
Election. 


1874. Prof. Igino Cocchi, Florence. 

1879. Dr. H. Emile Sauvage, Boulogne-sur-Mer. 

1889. Dr. Rogier Diederik Marius Verbeek, The Hague. 

1890. Geheimer Bergrath Prof. Adolph von Kcenen, Gittingen. 

1892. Prof. Johann Lehmann, Kel. 

1893. Prof. Aléxis P. Pavlow, Moscow. 

1893. M. Ed. Rigaux, Boulogne-swr-Mer. 

1894. M. Perceval de Loriol-Lefort, Campagne Frontenex, near Geneva. 

1894. Dr. Francisco P. Moreno, La Plata. 

1894. Prof. J. H. L. Vogt, Christiania. 

1895. Prof. Constantin de Kroustchoff, St. Petersburg. 

1896. Prof. Samuel L. Penfield, New Haven, Conn. (U.S.A.). (Deceased.) 

1896. Prof. Johannes Walther, Halle an der Saale. 

1897. M. Emmanuel de Margerie, Paris. 

1897. Prof. Count Hermann zu Solms-Laubach, Strasburg. (Elected 
Foreign Member.) 

1898. Dr. Marcellin Boule, Paris. 

1898. Dr. W. H. Dall, Washington, D.C. (U.S.A.). 

1899. Dr. Gerhard Holm, Stockholm. 

1899. Prof. Theodor Liebisch, Gottingen. 

1899. Prof. Franz Loewinson-Lessing, St. Petersburg. 

1899. M. Michel F. Mourlon, Brussels. 

1899. Prof. Gregorio Stefanescu, Bucharest. 

1899. Prof. René Zeiller, Pavis. 

1900. Commendatore Prof. Arturo Issel, Genoa. 

1900. Prof. Ernst Koken, Jiibingen. 

1900. Prof. Federico Sacco, Turin. 

1901. Prof. Friedrich Johann Becke, Vienna. 

1902. Prof. Thomas Chrowder Chamberlin, Chicago, Til. GEES-A. ). 

1902. Dr. Thorvaldr Thoroddsen, Copenhagen. 

1902. Prof. Samuel Wendell Williston, Chicago, Ill. (U.S.A.). 

1903. Geheimer Bergrath Prof. Carl en Berlin. 

1903. Dr. Emil Ernst August Tietze, Vienna. 

1904. Dr. William Bullock Clark, Baltimore (U.S.A.). 

1904. Dr. Erich Dagobert von Drygalski, Charlottenburg. 

1904. Prof. Giuseppe de Lorenzo, Naples. 

1904, The Hon. Frank Springer, Burlington, Iowa (U.S.A.). 

1904. Dr. Henry 8. Washington, Locust, N.S. (US.A.). 

1905. Prof. Bundjiré Kété, Tokyo. 

1906. Prof. John M. Clarke, Albany, N.Y. (U.S.A.). 

1906. Prof. William Morris Davis, Cambridge, Mass. (U.S.A.). 

1906. Dr. Jakob Johannes Sederholm, Helsingfors. 
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AWARDS OF THE WOLLASTON MEDAL 
UNDER THE CONDITIONS OF THE ‘DONATION FUND’ 
ESTABLISHED BY 
WILLIAM HYDE WOLLASTON, M.D., F.RS., F.G.S., ere. 


‘To promote researches concerning the mineral structure of the Earth, and to 
enable the Council of the Geological Society to reward those individuals of any 
country by whom such researches may hereafter be made,’—‘ such individual not 
being a Member of the Council.’ 


1831. Mr. William Smith. 1870. Prof. G. P. Deshayes. 
1835. Dr. Gideon A. Mantell. 1871. Sir Andrew Ramsay. 
1836, M. Louis Agassiz. 1872. Prof. James D. Dana. 
1837 fee T. P. Cautley. 1873. Sir P. de M. Grey Egerton. 

" | Dr. H. Falconer. 1874. Prof. Oswald Heer. 

1838. Sir Richard Owen. 1875. Prof. L. G. de Koninck. 
1839. Prof. C. G. Ehrenberg. 1876. Prof. Thomas H. Huxley. 
1840. Prof. A. H. Dumont. 1877. Mr. Robert Mallet. 

1841. M. Adolphe T. Brongniart. | 1878. Dr. Thomas Wright. 
1842. Baron Leopold von Buch. 1879. Prof. Bernhard Studer. 
1843 1 M. Elie de Beaumont. 1880. Prof. Auguste Daubrée. 

' {M.P. A. Dufrénoy. 1881. Prof. P. Martin Duncan. 
1844. The Rey. W. D. Conybeare. | 1882. Dr. Franz Ritter von Hauer. 
1845. Prof. John Phiilips. 1883. Dr. William Thomas 
1846. Mr. William Lonsdale. Blanford. 

1847. Dr. Ami Boué. 1884. Prof. Albert Jean Gaudry. 
1848. The Very Rev. W. Buckland. | 1885. Mr. George Busk. 
1849. Sir Joseph Prestwich. 1886. Prof. A.L.O. Des Cloizeaux. 
1850. Mr. William Hopkins. 1887. Mr. John Whitaker Hulke. 
1851. The Rey. Prof. A. Sedgwick.| 1888. Mr. Henry B. Medlicott. 
1852. Dr. W. H. Fitton. 1889. Prof.Thomas George Bonney. 
1853. M. le Vicomte A. d’Archiac.| 1890. Prof, W. C. Williamson. 

M. E. de Verneuil. 1891. Prof. John Wesley Judd. 
1854, Sir Richard Griffith. 1892. Baron Ferdinand von 
1855. Sir Henry De la Beche. Richthofen. 
1856. Sir William Logan. 1893. Prof. NevilStory Maskelyne. 
1857. M. Joachim Barrande. 1894. Prof. Kar] Alfred von Zittel. 

-. ) Herr Hermann von Meyer.| 1895. Sir Archibald Geikie. 

oe Prof. James Hall. 1896. Prof. Eduard Suess. 
1859. Mr. Charles Darwin. 1897. Mr. Wilfrid H. Hudleston. 
1860. Mr. Searles V. Wood. 1898. Prof. Ferdinand Zirkel. 
1861. Prof. Dr. H. G. Bronn. 1899. Prof. Charles Lapworth. 


1862. Mr. R. A.C. Godwin-Austen. | 1900. Prof. Grove Karl Gilbert. 
1863. Prof. Gustav Bischof, | 1901. Prof. Charles Barrois. 
1864. Sir Roderick Murchison. 1902. Dr. Friedrich Schmidt. 
1865. Dr. Thomas Davidson. | 1903. Prof. Heinrich Rosenbusch. 
1866. Sir Charles Lyell. | 1904, Prof, Albert Heim. 

1867. Mr. G. Poulett Scrope. | 1905. Dr. J. J. Harris Teall. 
1868. Prof. Carl F. Naumann. | 1906. Dr. Henry Woodward. 
1869. Dr. Henry C. Sorby. | 1907. Prof. William J. Sollas. 


Vol. 63.] 


AWARDS 


ANNUAL REPORT. 


OF THE 


XXVll 


BALANCE OF THE PROCEEDS OF THE WOLLASTON 
‘DONATION-FUND.’ 


1831. 
1833. 
1854, 
1835. 
1836. 
1838. 
1839. 
1840. 
1841. 
1842. 
1843. 
1844. 
1845. 
1846. 
1847. 


1848. 


1849. 
1850. 
1851. 
1852. 
1853. 
1854. 
1855. 
1856. 
1857. 
1858. 
1859. 


1860. 


1861. 
1862. 
1863. 
1864. 
1865. 
1866. 
1867. 
1868. 
1869. 


Mr. William Smith. 

Mr. William Lonsdale. 

M. Louis Agassiz. 

Dr. Gideon A. Mantell. 

Prof. G. P. Deshayes. 

Sir Richard Owen. 

Prof. C. G. Ehrenberg. 

Mr, J. De Carle Sowerby. 

Prof. Edward Forbes. 

Prof. John Morris. 

Prof. John Morris. 

Mr. William Lonsdale. 

Mr. Geddes Bain. 

Mr. William Lonsdale. 

M. Alcide d’Orbigny. 
Cape-of-Good-Hope Fossils. 

1M Alcide d’Orbigny. 

Mr. William Lonsdale. 

Prof. John Morris. 

M. Joachim Barrande. 

Prof. John Morris. 

Prof. L. G. de Koninek. 

Dr. Samuel P. Woodward. 

Drs. G. and F’. Sandberger. 

Prof. G. P. Deshayes. 

Dr. Samuel P. Woodward. 

Prof. James Hall. 

Mr. Charles Peach. 

ae T. Rupert Jones. 

|Mr. W. K. Parker. 

Prof. Auguste Daubrée. 

Prof. Oswald Heer. 

Prof. Ferdinand Senft. 

Prof. G. P. Deshayes. 

Mr. J. W. Salter. 

Dr. Henry Woodward. 

Mr. W. H. Baily. 

M. J. Bosquet. 

Mr. William Carruthers, 


| 1870. 
Warecvale 
1872. 
| 1873. 
1874, 
| 1875. 

1876. 
Lev. 
| 1878. 
| 1879. 
1880. 
| 1881. 
— 1882. 
| 1883. 
1884. 
1885. 
1886. 
1887. 
1888. 
| 1889. 
1890. 
1891. 
| 1892, 
1893. 
| 1894. 
| 1895. 
1896. 
| 1897. 
1898. 
| 1899. 
| 1900. 
| 1901. 
| 1902. 
| 1903. 
| 1904. 
1905. 
1906. 
1907. 


M. Marie Rouault. 

Mr. Robert Etheridge. 

Dr. James Croll. 

Prof. John Wesley Judd. 
Dr. Henri Nyst. 

Prof. Louis C. Miall. 

Prof. Giuseppe Seguenza. 
Mr. Robert Etheridge, Jun. 
Prof. William Johnson Sollas. 
Mr. Samuel Allport. 

Mr. Thomas Davies. 

Dr. Ramsay Heatley Traquair. 
Dr. George Jennings Hinde. 
Prof. John Milne. 
Mr. Edwin Tulley Newton. 
Dr. Charles Callaway. 

Mr. J. Starkie Gardner. 

Dr. Benjamin Neeve Peach. 
Dr. John Horne. 

Dr. Arthur Smith Woodward. 
Mr. William A. E. Ussher. 
Mr. Richard Lydekker. 

Mr. Orville Adelbert Derby. 
Mr. John George Goodchild. 
Mr. Aubrey Strahan. 

Prof. William W. Watts. 
Mr. Alfred Harker. 

Dr. Francis Arthur Bather. 
Prof. Edmund J. Garwood. 
Prof, John B. Harrison. 

Dr. George Thurland Prior. 
Mr. Arthur Walton Rowe. 
Mr. Leonard James Spencer. 
Mr. L. L. Belinfante. 

Miss Ethel M. R. Wood. 
Mr. H. H. Arnold-Bemrose. 
Dr. Finlay Lorimer Kitchin. 
Dr. Arthur Vaughan. 
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AWARDS OF THE MURCHISON MEDAL 


UNDER THE CONDITIONS OF THE 
‘MURCHISON GEOLOGICAL FUND, 
ESTABLISHED UNDER THE WILL OF THE LATE 
SIR RODERICK IMPEY MURCHISON, Baarr., F.R.S., F.G-S. 


To be applied in every consecutive year, in such manner as the Council of the 
Society may deem most useful in advancing Geological Science, whether by 
granting sums of money to travellers in pursuit of knowledge, to authors of 
memoirs, or to persons actually employed in any enquiries bearing upon the 
science of Geology, or in rewarding any such travellers, authors, or other persons, 
and the Medal to be given to some person to whom such Council shall grant 
any sum of money or recompense in respect of Geological Science.’ 


1873. Mr. William Davies. | 1891. Prof. Waldemar C. Broegger. 
1874. Dr. J. J. Bigsby. | 1892. Prof. A. H. Green. 
1875. Mr. W. J. Henwood. 1893. The Rev. Osmond Fisher. 
1876. Mr. Alfred R. C. Selwyn. | 1894, Mr. William T. Aveline. 
1877. The Rev. W. B. Clarke. | 1895. Prof. Gustaf Lindstroem. 
1878. Prof. Hanns Bruno Geinitz. 1896. Mr. T. Mellard Reade. 
1879. Sir Frederick M‘Coy. 1897. Mr. Horace B. Woodward. 
1880. Mr. Robert Etheridge. 1898, Mr. Thomas F. Jamieson. 
1881. Sir Archibald Geikie. Dr. Benjamin N. Peach. 

- 1882. Prof. Jules Gosselet. 1899. BS John Horne. 
1883. Prof. H. R. Goeppert. 1900. Baron A. E. Nordenskiceld. 
1884. Dr. Henry Woodward. 1901. Mr. A. J. Jukes-Browne. 
1885. Dr. Ferdinand von Roemer. 1902. Mr. Frederic W. Harmer. 
1886. Mr. William Whitaker. 1903. Dr. Charles Callaway. 
1887. The Rey. Peter B. Brodie. | 1904. Prof. George A. Lehour. 
1888. Prof. J. S. Newberry. | 1905. Mr. Edward John Dunn. 
1889. Prof. James Geikie. 1906. Mr. Charles T. Clough. 


1890. Prof. Edward Hull. 1907. Mr. Alfred Harker. 
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1876. 
1877. 
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1879. 
1880. 
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Prof. Oswald Heer. 

Mr. Alfred Bell. 

Prof. Ralph Tate. 

Prof. H. Govier Seeley. 

Dr. James Croll. 

The Rey. John F. Blake. 
Prof. Charles Lapworth. 
Mr. James Walker Kirkby. 
Mr. Robert Etheridge. 

Mr. Frank Rutley. 

Prof. Thomas Rupert Jones. 
Dr. John Young. 

Mr. Martin Simpson. 

Mr. Horace B. Woodward. 
Mr. Clement Reid. 
Mr.:Robert Kidston. 

Mr. Edward Wilson. 

Prof. Grenville A. J. Cole. 


| 


. 
| 


1890. 
1891. 
1892. 
1893. 
1894, 
1895. 
1896. 
1897. 
1898. 
1899. 
1900. 
1901. 
1902. 
1903. 
1904. 
1905. 
1906. 
1907. 


Mr. Edward B. Wethered. 
The Rey. Richard Baron. 
Mr. Beeby Thompson. 

Mr. Griffith J. Williams. 
Mr. George Barrow. 

Mr. Albert Charles Seward. 
Mr. Philip Lalre. 

Mr. Sydney 8. Buckman. 
Miss Jane Donald. 

Mr. James Bennie. 

Mr. A. Vaughan Jennings. 
Mr. Thomas S. Hall. 

Mr. Thomas H. Holland. 
Mrs. Elizabeth Gray. 

Dr. Arthur Hutchinson. 
Mr. Herbert Lister Bowman. 
Dr. Herbert Lapworth. 

Dr. Felix Oswald. 
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AWARDS OF THE LYELL MEDAL 
UNDER THE CONDITIONS OF THE 
‘LYELL GEOLOGICAL FUND,’ 
ESTABLISHED UNDER THE WILL AND CODICIL OF THE LATE 


SIR CHARLES LYELL, Barr., F.R.S., F.G.S. 


The Medal ‘to be cast in bronze and to be given annually’ (or from time to time) — 
‘as a mark of honorary distinction and as an expression on the part of the 
governing body of the Society that the Medallist (who may be of any country 
or either sex) has deserved well of the Science, —‘ not less than one third of the 
annual interest [of the fund] to accompany the Medal, the remaining interest 
to be given in one or more portions, at the discretion of the Council, for the 
-encouragement of Geology or of any of the allied sciences by which they shall 
consider Geology to have been most materially advanced, either for travelling 
expenses or for a memoir or paper published, or in progress, and without 
reference to the sex or nationality of the author, or the language in which any 
such memoir or paper may be written.’ 

There is a further provision for suspending the award for one year, and in 
such case for the awarding of a Medal to ‘ each of two persons who have been 
jointly engaged in the same exploration in the same country, or perhaps on 
allied subjects in different countries, the proportion of interest always not being 
less to each Medal than one third of the annual interest.’ 


1876. Prof. John Morris. | 1893. Mr. Edwin Tulley Newton. 
1877. Sir James Hector. | 1894. Prof. John Milne. 

1878. Mr. George Busk. | 1895. The Rev. John F. Blake. 
1879. Prof. Edmond Hébert. | 1896. Dr. Arthur Smith Woodward. 
1880. Sir John Evans. _ 1897. Dr. George Jennings Hinde. 
1881. Sir J. William Dawson. 1898. Prof. Wilhelm Waagen. 
1882. Dr. J. Lycett. _ 1899. Lt.-Gen. C. A. McMahon. 
1883. Dr. W. B. Carpenter. | 1900. Dr. John Edward Marr. 
1884, Dr. Joseph Leidy. _ 1901. Dr.Ramsay Heatley Traquair. 
1885. Prof. H. Govier Seeley. : 1902 { Prof. Anton Fritsch. 

1886. Mr. William Pengelly. |" Mr. Richard Lydekker. 
1887. Mr. Samuel Allport. 1903. Mr. Frederick William Rudler. 
1888. Prof. Henry A. Nicholson. | 1904. Prof. Alfred Gabriel Nathorst. 
1889. Prof. W. Boyd Dawkins. | 1905. Dr. Hans Reusch. 


1890. Prof. Thomas Rupert Jones. | 1906. Prof. Frank Dawson Adams. 
1891. Prof. T. McKenny Hughes. 1907. Dr. Joseph F, Whiteaves. 
1892. Mr. George H. Morton. 
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OF THE 


‘LYELL GEOLOGICAL FUND.’ 


Prof. John Morris. | 
Mr. William Pengelly. | 
Prof. Wilhelm Waagen. 
Prof. Henry A. Nicholson. 
Dr. Henry Woodward. 
Prof. F. A. von Quenstedt. 
Prof. Anton Fritsch. | 

Mr. G. R. Vine. 

The Rey. Norman Glass. 
Prof. Charles Lapworth. 
Mr. P. H. Carpenter. 

M. Ed. Rigaux. 

Prof. Charles Lapworth. 
Mr. Alfred J. Jukes-Browne. 
Mr. David Mackintosh. 

The Rev. Osmond Fisher. 
Dr. Arthur H. Foord. 

Mr. Thomas Roberts. 

M. Louis Dollo. 

Mr. Charles Davies Sherborn. 
Dr. C. I. Forsyth Major. 
Mr. George W. Lamplugh. 
Prof. John Walter Gregory. 
Mr. Edwin A. Walford. 
Miss Catherine A. Raisin. 
Mr. Alfred N. Leeds. 


1894. 


| 1895. 
| 1895. 
— 1896. 

1896. 
| 1897. 


1897. 


1898. 
1898. 


1899. 
1899. 
1900. 
1901. 
1901. 


| 1902. 
+ L903. 


| 1903. 


1904. 
1904. 
1905. 
1905. 
1906. 
1906. 
1907. 


WSO 


Mr. William Hill. 

Prof. Percy Fry Kendall. 
Mr. Benjamin Harrison. 
Dr. William F. Hume. 

Dr. Charles W. Andrews. 
Mr. W. J. Lewis Abbott. 
Myr. Joseph Lomas. 

Mr. William H. Shrubsole. 
Mr. Henry Woods. 

Mr. Frederick Chapman. 
Mr. John Ward. 

Miss Gertrude L. Elles. 

Dr. John William Evans. 
Mr. Alexander McHenry. 
Dr. Wheelton Hind. 

Mr. Sydney S. Buckman. 
Mr. George Edward Dibley. 
Dr. Charles Alfred Matley. 
Prof. Sidney Hugh Reynolds. 
Mr. E. A. Newell Arber. 
Mr. Walcot Gibson. 

Mr. William G. Fearnsides. 
Mr. Richard H. Solly. 

Mr. T. Crosbee Cantrill. 
Mr. Thomas Sheppard. 
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AWARDS OF THE BIGSBY MEDAL, 


FOUNDED BY THE LATE 


Dr. J. J. BIGSBY, FBS. F.GS. 


To be awarded biennially ‘as an acknowledgment of eminent services in any depart- 
ment of Geology, irrespective of the receiver’s country; but he must not be 
older than 45 years at his last birthday, thus probably not too old for further 
work, and not too young to have done much.’ 


1877. Prof. Othniel Charles Marsh. ; 1893. Prof. William Johnson Sollas. 


1879. Prof. Edward Drinker Cope. | 1895. Mr. Charles D. Walcott. 
1881. Prof. Charles Barrois. | 1897. Mr. Clement Reid. 

1883. Dr. Henry Hicks. 1899; Prot-7E. WE. David: 
1885. Prof. Alphonse Renard. 1901. Mr. George W. Lamplugh. 
1887. Prof. Charles Lapworth. 1903. Dr. Henry M. Ami. 

1889. Dr. J. J. Harris Teall. 1905, Prof. John Walter Gregory. 
1891. Dr. George Mercer Dawson. | 1907. Mr. Arthur W. Rogers. 


AWARDS OF THE PRESTWICH MEDAL, 


ESTABLISHED UNDER THE WILL OF THE LATE 


SIR JOSEPH PRESTWICH, F.R.S., F.G.S. 


‘To apply the accumulated annual proceeds ... at the end of every three years, in 
providing a Gold Medal of the value of Twenty Pounds, which, with the 
remainder of the proceeds, is to be awarded ...to the person or persons, either 
male or female, and either resident in England or abroad, who shall have done well 
for the advancement of the science of Geology ; or, from time to time to accumulate 
the annuai proceeds for a period not exceeding six years, and apply the said 
accumulated annual proceeds to some object of special research bearing on 
Stratigraphical or Physical Geology, to be carried out by one single individual or 
by a Committee; or, failing these objects, to accumulate the annual proceeds for 
either three or six years, and devote such proceeds to such special purposes as 
may be decided.’ 


1903. John Lubbock, Baron Avebury. 
1906, Mr. William Whitaker. 
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AWARDS OF THE PROCEEDS OF THE BARLOW- 
JAMESON FUND, 
ESTABLISHED UNDER THE WILL OF THE LATE 


Dr. H. C. BARLOW, F.G.S. 


‘ The perpetual interest to be applied every two or three years, as may be approved by 
the Council, to or for the advancement of Geological Science.’ 


1879. Purchase of Microscope. 1893. Purchase of Scientific In- 
1881. Purchase of Microscope- | struments for Capt. F. E. 
Lamps. Younghusband, 


1882, Baron C. von Ettingshausen. 1894, Dr. Charles Davison. 
1884, Dr. James Croll 1896. Mr. Joseph Wright. 


1896. Mr. John Storrie. 
1884. Prof. Leo Lesquereux. 1208) Mr Edward Groanly, 


1886. Dr. H. . Johnston-Lavis. ICOM ME Georve ©) Crick. 
1888. Museum. 1900. Prof. Theodore T. Groom. 
1890, Mr. W. Jerome Harrison. 1902. Mr. William M. Hutchings. 


1892. Prof. Charles Mayer-Eymar. | 1904. Mr. Hugh J. Ll. Beadnell. 
| 1906. Mr. Henry C. Beasley. 


AWARDS OF THE PROCEEDS 
OF THE 
‘DANIEL-PIDGEON FUND,’ 


FOUNDED BY MRS. PIDGEON, IN ACCORDANCE WITH THE 
WILL OF THE LATE 


DANIEL PIDGEON, F.G.S. 


‘An annual grant derivable from the interest on the Fund, to be used at the 
discretion of the Council, in whatever way may in their opinion best promote 
Geological Original Research, their Grantees being in all cases not more than 
twenty-eight years of age.’ 


1903. Prof. Ernest Willington Skeats. 
1904. Mr. Linsdall Richardson. 

1905. Mr. Thomas Vipond Barker. 
1906. Miss Helen Drew. 


XXXIV PROCEEDINGS OF THE GEOLOGICAL society. [May 1907, 


Estimates for 


INCOME EXPECTED. 


Bil. a: RES ashe, 
CC UNCC eee eA eS oisinMir ct cdn Sols Sek 205 0 0 
Due for Arrears of Admission-Fees .......... 94 10 0 
Ammissron-lees, 1907.2)... cme tees ee eee 228 12 O 
— 323 2 0 
Arrears of Annual Contributions ............ 1407 040% 
Annual Contributions, 1907, from Resident and 
Won-Resident Fellows’. wi... 2c seule seer 1780/30 0 
Annual Contributions in advance ............ 50 0 0 
— 1970 0 0 
Sale of Quarterly Journal, including Longmans’ 
PR CCOUM Eg yp. pvr cjuie'eie ole aid Pelee A ee a 160 
Sale of History of the Geological Society .... ...... 50 
Sale of Transactions, General Index, Library- 
Catalogue, Museum-Catalogue, Hutton’s 
‘Theory of the Earth’ vol. ii, Hochstetter’s 
‘ New Zealand,’ and List of Wellows'2-2-.--4 sac ee 6 0 0 
Dividends on £2500 India 3 per cent. Stock .. 75 0 O 
Dividends on £300 London, Brighton, & South 
Coast Railway 5 per cent. Consolidated Pre- 
ference=Sbhock « 2.50% acon pee feta ee 502 0 
Dividends on £2250 London & North-Western 
Railway 4 per cent. Preference-Stock ...... 90 0 0 
Dividends on £2800 London & South-Western 
Railway 4 per cent. Preference-Stock ...... 12 00 
Dividends on £2072 Midland Railway 23 per 
cent. Perpetual Preference-Stock ...,...... 5116 0 
Dividends on £267 6s. 7d, Natal 3percent. Stock. 8 O 0 
— 35116 0 
3065 18 0 
Estimated excess of Expenditure over Income.. ...... 247 0 0 


£3312 18 0 


* These items are in the nature of capital expenditure, 
or are not likely to recur, 
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the Year 1907. 
EXPENDITURE ESTIMATED. 
& vs.id. EON Sa 
House-Expenditure : 
LISSIGE) ie Sa ae ae fo eee teee tes seeecknt es 5 6 ih © 
Ritter CRANE AN CR: Fey /anec aN decor eeee seey eeemees ans 15 OL 
Electric Lighting and Maintenance ............ 50 0 O 
RRA Seer tan an steele send eelcs semmee meen adtstasaaicae.. ds aes fi) le 
PRPS AC cao oeete cc own cnc aba Dae pac ed case cee ane 30 0 0 
Marniture and Repairs. 232. qcsaedee ee << cman acaces FO a 
House-Repairs and Maintenance ............... 50 0 0 
Peranaels Clea eases cece piten ss p's on nv.tennens.% fe /0. 0 
esr ati Miseiiiteet wet tnae meee cet weno cae aeseeceine zoo) 0 
Washing and Sundry Expenses ...,.............. 39 0 0 
252 15 0 
Salaries and Wages, etc. : 
Assistami-SeCretary i2ci4.252522iscecte~ sa .svecoe nee a0) 40° 0 
iS half Premium Life-Insurance... 10 15 0 
CREE TTe—aE PATINA 2 tas a's au detaiia dognsss ode nts 150), 00 
2 SSIS TS BE ala ee ee, oe 150-0" -O 
SUPE VASRIGLAIDG fics oom Seen eee mses eta cducese aes 80 0 0 
House-Porter and Upper Housemaid ......... 95-0" 0 
Wunder Homsemaid) %. 32.0285 scene seceseueds-voeeta- 48 18 OU 
Charwoman and Occasional Assistance......... 100." 0 
INCEMUMELAMES NEC! de .jorat<cldsecadsatteattes congace 1O L046 
» 905 8 0 
Office-Expenditure : 
SUG ETON ae i eee ae oe eee Pe 35 0 0 
Miscellaneous Printing, etc. ................0.-+- 50 0 0 
Postages and Sundry Expenses .................. 80-00 
EG5=:0:'O 
Babraty haolss and BiNGin er) 5.065 sips sew oe sels sie ek 8 909 220 0 O 
Library-Catalogue :. . 
COT Sao te ah PG ee OER OY eae Se Be a 20 0.0 
COMPA MOU Secs ccrere cn coseps sesamin, eee 50.0 0 
70 0 0 
Publications: 
Quarterly Journal, including Commission on 
allen Pe tacatradancdee mired «ani tatontasdadades weak £000. ©) 0: 
Postage on Journal, Addressing, ete............. 50" 0.0 
Record of Geological Literature’ ............... 140 0 O 
isco GM OWS c1o.n see. cena: Sere ee tees ancued ee 3D 0 0 
Abstracts, including Postage ..................00. HO0n0 
*History of the Geological Society ............... 7 ~0--0 
1550 O 0 
~*Centenary Expenditure ........ ciated, x/4 Dinicks ae de Pe ahso.” Oy 0 


£3312 18 0 


HORACE W. MONCKTON, Treasurer. 


January 25th, 1907. 
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Income and Expenditure during the 
RECEIPTS. 


To Balance in the hands of the Bankers at 


s) PULTE Tg Aa WS ALS (Ces a em 258. sek Wit 
,, Balance in the hands of the Clerk at 
eatietey Sete LIUG! ) ois) oe oe! -.~ aaa EGr ee 
—— 305 2 9 
PLOMBOSIMONS 1a... otec as se +e 2 ee Ayo See) 
., Admission-Fees : 
PALTECAES © }.'ci50 se 2 100 clea teree eee To 12 0 
@urrent) 92.05.70: Seacrest eee TBS tone 8 
308 14 0 
,, Arrears of Annual Contributions .... 88 11 6 
,, Annual Contributions for 1906 :— 
Resident Fellows .............22..- 1768 4 O 
Non-Resident Fellows............ ZeLT 6 
., Annual Contributions in advance .... 50 8 O 
——— 1915 1 0 
., Publications : 
Sale of Quarterly Journal: * 
a Vols: ito 1x1, 25. 28 eg eee 105.5 38 
2 Vol- Ast. .0.c: ee eee 49 3 10 
———— 154 9 1 
,, General Index (Quarterly Journal) . 15.0 
jo) Alpstracts 2.0.0. -2¢ noe oe eee 1 mee 
;, Record of Geological Literature ... ars Fale 
5». dhast ot Bellows” 33-23-30. 4 0 
i. “Rransachions.:.ccc.c sees See eee 10 O 
», Hutton’s‘ Theory of the Earth, vol. iii 2 6 
— Sb 46 
.., Miscellaneous ‘Receipts 5.0 eee eee ee 61266 
5, Repayment of Income Tax (1 year) ............ PeIL 8 
2 Anterest on Deposit Account 77.02 .5be ee - 10 12 3 
Prestwich Trust-Fund, part repayment of advance 
for Dieof Medal. 7... Jia Sei a ees ee 1410 0 
;, Dividends (less Income-Tax) :— 
£2500 India 3 per cent. Stock .................- 7k7540 
£300 London, Brighton, & South Coast Rail- 
way 5 per cent. Consolidated Prefer- 
ence-Stock: /...' 2.5, sess ena eee ee 144 5.0 
£2250 London & North-Western Railway 
4 per cent. Preference-Stock ......... 8510 0 
£2800 London & South-Western Railway 
4 per cent. Preference-Stock ......... 106 8 O 
£2072 Midland Railway 23 per cent. Per- 
petual Preference-Stock ............... 49 4 2 
£267 6s. 7d. Natal 3 per cent. Stock ........- TIA 
334 4 6 
*~ A further sum of £81 8s. 5d. is due from Long- £3249 1 3 


mans & Co. for Journal-Sales, 
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April 17th, 1907. 


Sir Arcurpatp Gerxre, D.C.L., Sc.D., Sec.R.S., President, 
in the Chair. 


Allan Arthur Davidson, Mining Engineer, c/o the Bank of 
Tarapaca & Argentina, Coquimbo (Chile); Hugh Michell Luttman- 
Johnson, Mining Engineer, Rand Club, Johannesburg (Transvaal) ; 
James Henry Ronaldson, Consulting Mining Engineer, P.O. Box 
5224, Johannesburg (Transvaal); Francis L. G. Simpson, Mining 
Engineer, Mohpani Mines, Central Provinces (India); and John 
Edward Wilson, Dunholm, Ilkley-in- Wharfedale (Yorkshire), were 
elected Fellows of the Society. 


The List of Donations to the Library was read. 


The PresipEnt announced that a Special General Meeting would 
be held on Wednesday, May 15th, 1907, at 7.30 p.m., for the 
purpose of considering and voting on the following proposed New 
Section, and Alterations in existing Sections, of the Bye-Laws :— 


Proposep New Sxcrion oF THE ByE-Laws——AssocrATEs. 


‘1.—Any woman who has distinguished herself as a geological investigator, 
or who has shown herself able and willing to communicate to the Society 
original and important geological information, or who has exercised signal 
liberality towards the Society, and is desirous of being elected, provided she 
be a British subject, or be domiciled in the British dominions or their 
dependencies, may, subject to the provisions hereinafter contained, be elected 
an Associate, the number elected being limited to forty. 

*2.—A book shall be kept at the House of the Society, iu which Fellows may 
enter the names and qualifications of women whom such Fellows recommend 
as Associates, together with a statement that any woman so recommended is 
desirous of being elected. 

‘3.—So soon as convenient after a name has been entered in the book, the 
Council shall, provided there be a vacancy, consider whether such name shall 
be submitted to a ballot of the Fellows as an Associate; or, if there be more 
names entered in the book than there are vacancies, the Council shall select 
which, if any, of such names shall be so submitted to ballot. 

‘4.—The name or names so selected shall be read aloud at two Ordinary 
General Meetings, and balloted for at the next Ordinary General Meeting, 
under the same regulations as with Candidates for Admission into the Society 
as Fellows, so far as such regulations are applicable; but the Certificate shall 
be in a form similar to that permitted in the case of Foreign Members and 
Foreign Correspondents, except that it must state that the Candidate is 
desirous of becoming an Associate. 

‘5.—The Secretary shall without delay inform every newly-elected Associate 
of the fact of her Hlection, and shall at the same time send her a printed copy 
-of the Obligation, No. II in Appendix B, except that the word ‘an Associate’ 
shall be therein substituted for ‘a Fellow, together with a copy of the Charter 
and Bye-Laws of the Society, a list of the Fellows and Associates, and a Card 
announcing the days on which the Society wiil hold its meetings during the 
Session, 

‘6.—So soon as such newly elected-Associate has paid her Contribution for 
the current year and has returned the Obligation, signed by herself and 
addressed to the Secretary at the House of the Society, but not before, she 
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shall be entitled to such privileges as are hereinafter set forth, and her name 
shall be entered in the list of Associates; but, unless she pay the Contribution 
for the current year, and return the Obligation signed and addressed as afore- 
said within two calendar months from the day of her Election, or within such 
further time as the Council may grant upon special cause to them shown, the 
election of such Associate shall be void. 

‘7,—Section V (Withdrawing and Removal of Fellows) shall apply, as 
nearly as may be, to Associates. 

‘8. Associates shall not be liable to pay any Admission-Fee. 

«“9.—The Annual Contribution to be paid by Associates shall be One Pound 
One Shilling, due on each successive Ist’ of January, and payable in advance 
for the current year. The further provisions of Section VI (Contributions of 
Fellows) shall apply, as nearly as may be, to Associates. 

‘10.—Associates shall be entitled to be present but not to vote at Ordinary 
General Meetings; and at such parts of the Annual General Meetings as may 
be attended by visitors in accordance with the regulations of the Council for 
the time being in force, but they shall not be entitled to vote or to propose 
questions or to comment on the Report of the Council or affairs of the Society 
at such Annual General Meetings; they shall be entitled to introduce Visitors 
at Ordinary General Meetings, subject to such regulations as the Council may 
make from time to time; to receive such of the Publications of the Society as 
are sent free of charge to Fellows, and to purchase other Publications of the 
Society at the reduced prices allowed to Fellows; and, under such limitations 
as the Council may deem expedient, to have personal access to the Library, 
Museum, and all other public rooms in the House of the Society, and to borrow 
books, maps, plates, drawings, or specimens, belonging to the Society ; but they 
shall have no share or interest in the property of the Society, nor shall they 
have any other privileges enjoyed by Fellows, except as expressly herein 
provided. 

‘11.—Associates shall be bound by the Charter and Bye-Laws of the Society, 
and by all regulations and orders made and issued from time to time by the 
Council in accordance with the powers conferred on them by the Charter and 
Bye-Laws. 

‘12.—A Register of Associates shall be kept in the same manner as that of 
Fellows, Foreign Members, and Foreign Correspondents.’ 


ProposED ALTERATIONS IN EXISTING Bye-Laws. 


(a) That Bye-Law VI, Art. 4 be repealed, and the following substi- 
tuted :— 


‘Every Fellow, if elected before June 30th, shall be subject to 
the Contribution for the current year; but, if elected in November 
or December, he shall pay no Contribution nor shall he be entitled to 
receive the Publications for the current year.’ 


- (6) That in Bye-Law XIII, Art. 18 ‘and by cheques... . other Members’ 
be repealed, and the following substituted :— 


‘and by cheques drawn and signed in such manner as the Council 
shall direct.’ 


The following communications were read :— 


1. ‘The Toadstones of Derbyshire: their Field-Relations and 
Petrography.’ By Henry Howe Arnold-Bemrose, J.P., M.A., 
FE.GS. 


2. ‘Data bearing on the Age of Niagara Falls.’* By Prof. 
Joseph William Winthrop Spencer, A.M., Ph.D., F.G.S. 


’ Withdrawn by permission of the Council. 
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The following specimens and maps were exhibited :— 


Rock-specimens, lantern-slides, and microscope rock-sections, 
exhibited by H. H. Arnold-Bemrose, J.P., M.A., F.G.S., in illus- 
tration of his paper. 

A boulder of gneiss (weighing 3 Ibs. 5 oz.) from the Lthynchonella- 
Cuviert Chalk of Cuxton, Rochester, exhibited by G. E. Dibley, 
F.G:S. 

Sheets 59, 60-62, 65, 74 & 75, and 83 of the 1-inch geological 
map of Nova Scotia, presented by the Director of the Geological 
Survey of Canada. 


May Ist, 1907. 


Sir Arcurpatp Gerxie, D.C.L., Sc.D., Sec.R.S., President, 
in the Chair. 


The List of Donations to the Library was read. 


The Prestpent read, for the second time, the announcement 
convening a Special General Meeting for Wednesday, May 15th, 
1907, at 7.30 p.m., to consider and vote on a proposed New Section, 
and on Alterations in existing Sections of the Bye-Laws. 


The following communications were read :— 


1. ‘On the Xerophytic Character of Coal-Plants, and a Suggested 
Origin of Coal-Beds.’ By the Rev. Prof. George Henslow, M.A., 
BLS., F-G:8. 


2. « Petrological Notes on the Igneous Rocks lying to the South- 
East of Dartmoor.’* By Harford John Lowe, F.G.S. 


The following specimens and maps were exhibited :— 


Specimens of plants, sections, and lantern-slides, exhibited by 
the Rev. Prof. G. Henslow, M.A., F.L.S., F.G.8., in illustration of 
his paper. 

Hand-specimens and microscope-sections of igneous rocks from 

the district south-east of Dartmoor, exhibited by H. J. Lowe, F.G.S., 
- in illustration of his paper. 

Twelve sheets of the 6-inch Geological-Survey Map of Scotland: 
n. s., Edinburgh, presented by the Director of H.M. Geological 
Survey. | 


1 Withdrawn by permission of the Council. 
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May 15th, 1907. 


Sir Arcurpatp GerKiz, D.C.L., Sc.D., Sec.R.S., President, 
in the Chair. 


_ George Guillaume André, Assoc.M.Inst.C.E., Rosemount, 
Frittenden (Kent); Frederic Ernest Coe, c/o The Bank of Africa, 
Johannesburg (Transvaal); Arthur Leighton Finch, B.Sc. (Lond.), 
Widnes Secondary School, Appleton Road, Widnes; Cecil Sidney 
Ramsden, M.Inst.M.E., Park Hill, Worsley, near Manchester ;. 
and Edwin James Vallentine, Fairlight, Forest Road, Chingford 
(Essex), were elected Fellows of the Society. 


The List of Donations to the Library was read. 


The PreEstipENT announced that the Council had resolved to 
award the Proceeds of the Daniel-Pidgeon Fund for 1907 to 
Miss Ina L. Starer, B.A.(Dublin), Newnham College, Cambridge, 
who proposes to investigate the Lower Palzozoic rocks in the 
neighbourhood of Llandeilo. 


The following communication was read :— 


‘On the Origin of certain Cafion-like Valleys associated with 
Lake-like Areas of Depression.’ By Frederic William Harmer, 
F.G.S.,. F.R.Met.S. 


The following maps, etc. were exhibited :— 


MS. maps and lantern-slides, exhibited by F. W. Harmer, F.G.S., 
F.R.Met.S., in illustration of his paper. 

Coloured Ordnance-Survey Maps of four Counties, exhibited by 
Prof. W. W. Watts, M.A., M.Sc., F.R.S., Sec.G.S. 

Four sheets of the Geological-Survey 6-inch Map of Cumberland, 
presented by the Director of H.M. Geological Survey. 3 

A photograph of the James D. Dana Monument, Dana Park, 
Albany (N.Y.), presented by Prof. J. M. Clarke, LL.D., F.C.G.S. 


At a Specran Grnerat Meerine, held at 7.30 p.m., the proposed 
New Section of the Bye-Laws instituting Lady-Associates was 
rejected by 34 votes to 32. 

The following proposed Alterations in the Bye-Laws were 
authorized—(a) unanimously, and (b) by 45 votes to 13 :— 


(a) That Bye-Law VI, Art. 4 be repealed, and the following substituted :— 
‘Every Fellow, if elected before the 30th of June, shall be subject 
to the Contribution for the current year; but, if elected in November 
or December, he shall pay no Contribution nor shall he be entitled to 
receive the Publications for the current year.’ , 
(6) That in Bye-Law XIII, Art. 18 ‘and by cheques...... other Members’ be 
repealed, and the following substituted :— 
‘and by cheques drawn and signed in such manner as the Council 
shall direct,’ 
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June 5th, 1907. 


Sir ArcurpaLp Gerxiz, D.C.L., Sc.D., Sec.R.S., President, 
in the Chair. 


The List of Donations to the Library was read. 


The Names of certain Fellows of the Society were read out for 
the first time, in conformity with the Bye-Laws, Sect. VI, Art. 5, 
in consequence of the Non-Payment of the Arrears of their Con- 
tributions. 


The following communications were read :— 


1. ‘A Marine Fauna in the Basement-Beds of the Bristol Coal- 
fields.’ By Herbert Bolton, F.R.S.E., F.G.S. 


2. ‘ Brachiopod Morphology: Cincta, Hudesia, and the Develop- 
ment of Ribs.” By 8S. 8. Buckman, F.G.S. 


The following specimens and maps were exhibited :— 


Marine fossils from the basement-beds of the Bristol Coalfield, 
exhibited by H. Bolton, Esq., F.R.S.E., F.G.S., in illustration of 
his paper. 

Thirteen sheets of the 6-inch Geological-Survey Map of Scotland : 
Edinburghshire, presented by the Director of H.M. Geological 
Survey. 


June 19th, 1907. 
Avusrey Srranan, Sc.D., F.R.S., Vice-President, in the Chair. 


Percy George Hammall Boswell, 359 Woodbridge Road, Ipswich ; 
Thomas Owen Bosworth, B.A., St. John’s College, Cambridge ;, 
Robert John Browne, M.I.M.E., Eastern Coal Co. Ltd., Jharia 
(EH. I. R.), Bengal; James William Dunn, 10 Addingham Road, 
Mossley Hill, Liverpool; G. B. Hill, 370 Gillott Road, Edgbaston, 
Birmingham; Benjamin Morgan, B.Sc., 115 Brondesbury Road, 
Queen’s Park, N.W.; Frederick William Smith, Duart, Wotton 
Without, Gloucester; James Allan Thomson, B.A. (Oxon.), 
B.Se. (N.Z.), University Museum, Oxford; Ernest W. Vredenburg, 
Assoc. R.C.S., Geological Survey of India, Calcutta; and Leonard 
Johnston Wills, B.A., The Gables, Barnt Green, near Birmingham, 
were elected Fellows of the Society. 


The List of Donations to the Library was read. 


The Names of certain Fellows of the Society were read out for 
the second time, in conformity with the Bye-Laws, Sect. VI. Art. 5, 
in consequence of the Non-Payment of the Arrears of their Con- 


_ tributions. 
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The following communications were read :— 


1. ‘The Inferior Oolite and Contiguous Deposits of the Bath- 
Doulting District.’ By Linsdall Richardson, F.G.S. 


2. ‘The Inferior Oolite and Contiguous Deposits of the District 
between the Rissingtons and Burford.’ By Linsdall Richardson, 
F.G.S. 


3. ‘The Flora of the Inferior Oolite of Brora (Sutherland).’ By 
Miss M. C. Stopes, D.Sc., Ph.D. (Communicated by Prof. J. W. 
Judd, C.B., F.R.S., F.G.S.) 


4. ‘The Constitution of the Interior of the Earth as revealed by 
Earthquakes (Second Communication): Some New Light on the 
Origin of the Oceans.’ By Richard Dixon Oldham, F.G.S. 


5. ‘The Swansea Earthquake of June 27th, 1906.’ By Charles 
Davison, Se.D., F.G.S. 


6. ‘The Ochil Earthquakes of September 1900 to April 1907.’ 
By Charles Davison, Sce.D., F.G.S. 


Fossil plants and lantern-slides were exhibited by Miss M. C. 
Stopes, D.Sc., Ph.D., in illustration of her paper. 


Vol. 63.] FINANCIAL REPORT, 
Year ended December 31st, 1906. 


PAYMENTS. 


By House-Expenditure: ie sa. 
ABE TES) col FS a mn a 1 at 
Fire-Insurance ...... stn Eh RU PCOGROEM ET CBE EE 1a” On 0 
Electric Lighting and Maintenance ........ 49 3 4 
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TOTNES ANC. RC MaAlES 6... s. csiee saa see nieece ane 2071S 
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.» half Premium Life-Insurance... 10 15 O 
ASRistanat A OrATA: 20. .0 5 scesens som asisiecas vane 5 150 0 0O 
PASSAU Oe KOBE rie aire otc sistas o cciete ap dv clone oigie 2 Nea 150 O O 
MOE P ASSIS baMy uek aas ae aes ce duvees «a teieueonnene 80. 0.0 
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Charwoman and Occasicnal Assistance ..... Gar sO 
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,, Office-Expenditure : 

SiaLOMOEY) oats 250. Soins Salva cpltincelnies toetiewck eis 19 16, 10 

Miscellaneous Printing. ...00.4.0.csecnensdeccdses OMI a 

Postages and Sundry Expenses ............... (i! 

Murchison and Lyell Medals ................. Mm 20 
a labrarye@booksrand Binding) i. 3. 22.3 fa ee 
5, Library-Catalogue : 

Gane tShe ees eres eae 5 gata oe Sad aheidice woo 22 64 0 O 

Orr wane ans mee 1 a ees ce a2 Sona hae AE 14 14 4 

Worn ilatsou) as. cy endetock- se aensendl sats sarnaces 50 0 0 
,, Publications: 

Quarterly Journal, Vols. i-lxi, Commission 

Gnu Salle: Chereol: fy. ney oes anoteuencs ese oose.es 9 19 10 
Quarterly Journal, Vol. lxii, Commission 
OMASALEME MORE OL y catraicdnio leans caedascpias dene 3 3° 9 

Paper, Printing, and Illustrations ......... 1009 15 6 

Postage on Journal, Addressing, ete. ...... 102 6 6 

Record of Geological Literature ............ 140 1 O 

GOEL OLIOWS nl S52c dae enncwsnaecnneecsecaacees 35 2 0 

Abstracts, including Postage .............4. Pie OF 
,, Balance in the hands of the Bankers at 

December sist, 1906 2... eo. ee 21410 3 
,, Balance in the hands of the Clerk at 

Decemberrolist, L906 2. ic eo eas Lil 4 


We have compared this Statement with 
the Books and Accounts presented to us, 
and find them to agree. 


ARTHUR W. STIFFE, 
CG. FOX STRANGWAYS, 
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HORACE W. MONCKTON, Treasurer. 


January 25th, 1907. 
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Statement of Trust-Funds: December 31st, 1906. 
‘Wo.uuaston Donation-Funp.’ Trust-Account. 


REcEIrTS. BS EB GE PAYMENTS, - SEG 
To Balance at the Bankers’ at January Ist, 1906...... .. 82 3 10 | By Cost of Medal .. we ete cess nae a ledaceneyelshe tea) aye royecatelelereres BS i a 
», Dividends (less Income-T'ax) on the Fund invested in | », Award from the Balance of the Fund ........ seeees ee i 
£1073 Hampshire County 3 per cent. Stock ...... 30 11 6 ,, Balance at the Bankers’ at December 31st, 1906 .... 32 8 10 
», Iepayment of Income-Tax (1 year) ..........e000s 112 4 = 
24 7 8! £64 78 
‘Mourcnison GeonocicaL Funp.’ Trust-Accoun7. 
RecHIPts, oe 68s) Cia} : PAayMENTs. £ Se d. 
To Balance at the Bankers’ at January Ist, 1906........ 20 19 4) By Cost of Medal ...... ge afero svecs colnredern ce cl euacte eveen ere evar are J i 0 
», Dividends (less Income-Tax) on the Fund inyested in |, Award to the Medallist SO RUTOS Om Wa ChOOn acta macho tet 10 1 y 
£1584 London & North-Western Railway 3 per cent. | ,, Award from the Balance of the Fund .............- 28 12 6 
ID AT MMEBS ae = Bibdoounbemonhbon ne deesoecite 38 0 4) ,, Balance at the Bankers’ at December 31st, 1906 .... 21 0 2 
» Repayment of Income-Vax (1 year) ........++0++00: 4 {0 (0) 
£60 19 8 £60 19 8 
‘Lyrtt Grorocican Funp.’ Trusr-Accounr. 
Recwrers. Boe Ne PAYMENTS. : SO RY, 80h 
To Balance at the Bankers’ at January Ist, 1906........ 53 12 10) By Cost of Medal...... iat slit oferaVerwenexehavra (ove) evans cia iene ears WS il (0) 
1, Dividends (less Income-Tax) on the Fund invested in 3) Awardto\the Medalist. ¢.....:.-::0.csceth sia, 25 0 0 
£2010 Is. Od. Metropolitan 32 per cent. Stock 6616 8) ,, First Award from the Balance of the Fund ........ 22-3: 0) 
4, Repayment of Income-Tax (1 AViGUIN) Metetareiareretornatstsirrel 3.10 4] ,, Second Award from the Balance of the Fund ...... 2230 
,», Balance at the Bankers’ at December 31st, 1906 538 12 10 
£123 19 10 £123 19 10 
~ ea Bee = 
‘ Bartow-JameEson Funp. ‘'Trust-Account, 
Recwiers, 2 8 0k PAYMENTS, Sememtls 
To Balance at the Bankers’ at January Ist, 1906.,...... USGS: SB YOAANOG is Sairenae cn ROMER clea tee eae ee 25 0 0 
Dividends (less Income-Tax) on the Fund invested in i) Balance at the Bankers’ at December dist, MSloe Saen Te In if 
£468 Great Northern Railway 3 per cent. Debenture- 
SSHCIOE’ “frou DRE ICA ADO Ge DO DOD EE men eae 13 6 10 
», Repayment of Income~Tax (1 year) ................ 14 0 
4 = Fe eag. 5 2 a sts ay 
_— ee 5 seaman = SS  § Brassy FUND! “Trusr- ACCOUNT: sebee 5 = 
: : Recrrrs. £ os. a. PAYMENTS. per eg) 
: To Balance at the Bankers’ at January Ist, 190G ........ 3° G 2] By Balance at the Bankers’ at December 31st, 1906 912 2: 
», Dividends (less Income-T'ax) on the Fund inyested in 
£210 Cardiff 3 per cent. Stock .................. 5» 19° 8 
» Repayment of Income-Tax (1 year)................ 6 4 
£912 2 £9 12, 2 
‘Grotocican Rerimr-Funp.’ Trusr-Accounr. 
ReEcriprs. £2 og, dl PAYMENTS, Serge, 
To Balance at the Bankers’ at January Ist,1906........ Yr iO) WI) By Ghigintt, co oo neasoan omnes Ayn USEC SRA ame? Fat 0) 
», Dividends (less Income-Tax) on the Fund inyested in » Balance at the Bankers’ at December 31st, 1906 .... 31 5 5 
£1389 3s, 7d. India 3 per cent. Stock.............. 319 4} , 
3, Donation from Ma. W. Whitaker,................. 613 0) 
», Repayment of Income-Tax (1 year) .............. 4 2 
£38 7 5| £38 7 6 
‘Prustwicu Trust-Funp.’ Trust-Accounr. 
Rucrrrs. 25 kG. PAYMENTS. aS th Ub 
lo Balance at the Bankers’ at January 1st, IO oro r on ade Opel Bt 13s Part Gost of Dien. tn ac 26 sot ato eee ee 1410 0 
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” Received from Medallist ........ Cloud Gn ro8o oo obs 12 6 ©} ,, Purchase of £12 11s. 5d. India 3 per cent. Stocl reel aGeaQ) 
» Repayment of Income-Tax (1 year) ......,....... 1 0 9  ,, Balance at the Bankers’ at December Si MSI) a, IL TIO) 0) 
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—e _————— 
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£1019 1s, 2d. Bristol Corporation 3 per cent. Stock. 29 0 10 
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! We have compared this Statement with the Books and Accounts presented to us, and find them to agree. 
“aR CE W. MONCKTON, Treasurer. ; ARTHUR W. STIFF: 
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Statement relating to the Society’s Property : 
December 31st, 1906. 


Ee Bd. £ sds 
Balance in the Bankers’ hands, December 31st, 
1906 : 
Wn Carrent Accontth ©. 2. ..-2-s2-2--2<---<s---eeee 214 10° 3 
Balance in the Clerk’s hands, December 31st, 1906 1S ie! 
| —- 2165 1 
Due from Messrs. Longmans & Co., on account 
of Quarterly Journal, Vol. LAU, ete, eee ee sl 8 3 
Arrears of Admission-Fees ...........0.06. sive hoe) VO 


—_-——- 281 11° 6 


———ss 


£oro- lS 


Funded Property, at cost price :— 
£2500 India’s per cent. Stock? ease 2623 19 0 
£300 London, Brighton, & South CoastzRail- 


SUCK Ls ae Hee oo ke eee eee 502 15 3 
£2250 London & North-Western Railway 

4 per cent. Preference-Stock ....,......- 2898 10 6 
£2800 London & South-Western Railway 

4 per cent. Preference-Stock ............ a60%) 7 "6 
£2072 Midland Railway 22 per cent. Per- 

petual Preference-Stock- 3 cae ee aes 1850 19 6 
£267 6s. 7d. Natal 3 per cent. Stock........ 250 0 0 


SS ie 


[N.B.—The above amount does not include the 
value of the Collections, Library, Furniture, 
and Stock of unsold Publications.] 
HORACE W. MONCKTON, Treasurer. 


January 25th, 1907. 
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AWARD OF THE WoLLASTON MEDAL. 


In presenting the Wollaston Medal to Prof. Wit1t14m Jonnson 
Sornas, F.R.S., the Prestpent addressed him as follows :— 


Professor SoLLas,— 


™ The Council of the Geological Society has this year awarded the 
Wollaston Medal to you, in recognition of the value of your varied 
and prolonged contributions to the development of Geology. There 
is hardly a department of our science into which you have not 
carried the light and impulse of your brilliant and versatile genius. 
You have united in no ordinary way the qualifications of an 
accomplished petrographer, an excellent paleontologist, an able 
stratigrapher, and a philosophical mineralogist, and to this wide 
range of accomplishment you have added an originality and 
inventiveness which have introduced notable improvements into 
_ the processes of research. I regard it as a special honour and 
pleasure that it has fallen to me to be the medium of presenting 
this medal to you. You have long been one of my most esteemed 
friends, and I trust that I may be allowed, even in this public 
place, to add my own personal felicitations to those of, I am sure, 
all the Fellows of the Society that the highest honour which we 
have to bestow should now be conferred upon you. 

If the award is a recognition of past services in the cause of our 
beloved science, you will, we hope, accept it as no less an augury 
that we look forward with confidence to much fresh work from 
your hands in the future. We hope to see a flourishing School of 
Geology growing up at Oxford under your fostering care, and to 
welcome from you in the years to come many memoirs, not less 
suggestive and important than those with which you have already 
enriched the literature of geology. 


Prof. Sortas, in reply, said :— 
Mr. PResIDENT,— 


I deeply appreciate the honour, conferred upon me by the Council; 
and if, by any means, I could be reconciled to the sense of my own 
insignificance, awakened by the recollection of the many illustrious 
names that have preceded me in this place before the President’s 
Chair, it would be by your kind, I fear too kind, words, and the 
favour with which they have been received by the Fellows of the 
Society. 
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It is by no merit of mine that I am a lover, an ardent lover of: 
Geology, for I feel, perhaps with a lover’s partiality, that our 
gracious mistress, bountiful as she is fair, requires only to be seen 
as she truly is to captivate at once all hearts. I have found in her 
service a perpetual delight, and if your kind wishes should be 
fulfilled shall ever continue to do so, for she repays our constancy: 
with a variety that never stales. ) 

I know how close is the interest taken by you, Sir, in the cause 
of Geology at Oxford, it has been a frequent source of encourage- 
ment to me, and the hope you now express is that which lies 
nearest to my own heart. As a teacher I increasingly feel with 
advancing years how great is my debt to my masters, Huxley, 
Ramsay, Bonney, and, Sir, yourself, for I have been a diligent 
student of your teaching ever since the appearance of ‘The Scenery 
of Scotland’ in 1865. But to you, Sir, and to my revered tutor, I 
am indebted not only for direct instruction, but for the light of 
example, the privilege and stimulus of friendship, and indeed for 
those very opportunities by which I stand here to-day. I count it 
therefore not the least of my good fortune that I receive the 
Wollaston Medal from your hands. 


AWARD oF THE Murcuison MeEpat. 


_ The PresrpEnt then presented the Murchison Medal to Mr, Atrrep 
Harker, I'.R.S., addressing him in the following words:— 


Mr. Harxer,— 


The Murchison Medal has been assigned to you as a testimony. 
of the Council’s appreciation of the importance of your contribu- 
tions to Petrographical and Structural Geology. You had already 
distinguished yourself by your studies in Cleavage, by the zeal and 
success with which you had thrown yourself into the pursuit of 
petrographical research along those modern paths in which this 
department of our science has been so transformed and enlarged, 
and lastly by the skill which you had shown in the field-investiga- 
tion of the ancient igneous rocks of North Wales and of part of 
the Lake District. With this reputation already established and 
yearly growing, you were induced, at my request, to enter the 
Geological Survey. Although the circumstances under which you 
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joined that service formed a new departure in its usages, I have 
always felt that on no part of my long connexion with the Survey 
could I look back with more satisfaction than on the arrangements 
which enabled us to secure your services. You speedily acquired the 
skill of a practised surveyor, and among the hills of Skye and Rum 
you kad an opportunity of mapping some of the most complicated 
and deeply-interesting pieces of volcanic geology in this country, 
Having had from time to time opportunities of visiting you on the 
ground, I can bear witness both to the bodily vigour and endurance 
and to the geological enthusiasm and insight with which you 
climbed crags and peaks on which no geologist had set foot before 
you. The maps and memoirs which you have produced of these 
portions of the Inner Hebrides will always remain as a monument 
of your prowess as a field-geologist and petrographer. 

In handing you this Medal, which bears the honoured name of 
Murchison, let me wish you, on the part of the Council and of the 
Society at large, health, leisure, and opportunity, that you may 
enjoy a long, useful, and distinguished career. 


Mr. Harker replied as follows :— 


Mr. PrrestpENT,— 


I wish, in response to what you have said, to express my very 
sincere acknowledgments to the Council for the distinction which 
they have conferred upon me. ‘The pleasure with which [ first 
received news of this honour has since been enhanced by the 
knowledge that my gratification is shared by friends and fellow- 
workers, and it is now crowned by the graceful words with which 
you have accompanied the presentation. 

In my work in Skye, to which you have made kind reference, it 
has been my privilege to tread ground rendered classic by the 
labours of some of the masters of our science; and I hold it 
peculiarly appropriate, as it is eminently pleasing to myself, that 
this mark of the generous appreciation of the Council should be 
conveyed by one of those my predecessors—by one, moreover, who 
first directed my steps in a field which he had already made his 
own. ‘That the work has been a labour of love I need not say to 
any geologist who has felt the fascination of the West Highlands— 
least of all, Sir, to yourself. Where the work is its own reward, 
so flattering a recognition as this might perhaps be deemed an 
unearned addition. I take leave, however, to regard it as in some 
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part an encouragement for the future, and with it I must accept 
the responsibility of justifying to the best of my powers the choice 
of the Council. 

To me, finally, this Medal will be in a special sense a memento 
of the ten years which I spent so pleasantly on the Geological 
Survey of Scotland: not only because the Medal itself was founded 
by a former Chief of the Survey, and comes to me from the hand of 
one of his successors ; but also because this Award adds my name 
to a list which includes those of yourself, who, as Director-General, 
despatched me to the island which you knew so well; of Dr. Horne, 
head of the Scottish branch, my constant friend and counsellor ; of 
Dr. Peach, my immediate superior on the Survey; and (last year) 
of Mr. Clough, the colleague who initiated me into the craft of 
geological surveying, setting a standard to which, I fear, his pupil 
has not often attained. 


AWARD OF THE LYELL MEDAL. 


In handing the Lyell Medal, awarded to Dr. Josrpu FrEpERIck 
Wuirteaves, F.R.S.Can., to Lord Srrarucona, for transmission to 
the recipient, the President addressed him as follows :— 


Lord SrratHcons,— 


The Lyell Medal of the Geological Society is this year awarded 
to Dr. Joseph Frederick Whiteaves, as a mark of the Council’s 
appreciation of his prolonged and valuable contributions to the 
Geology and Paleontology of Canada. As a young man, before he 
settled in the New World, he had already shown his scientific bent 
by several published papers on the land and freshwater mollusca 
and on the fossils of some of the Oolitic formations of Oxfordshire. 
Half a century ago he transferred his home and his geological 
energy to Canada, and from that time until now his scientific activity 
has known no pause. In 1876 he was appointed to succeed the 
illustrious Billings as Palwontologist to the Geological Survey of 
Canada. In that official capacity he found increased opportunity 
of studying the fossils that were brought to the Survey Museum 
from the eastern provinces, from Manitoba, and from the far shores 
of the Pacific Ocean. Thus every fossiliferous formation in the 
wide Dominion has come under his review, and he has described 
many new forms in various grades of the animal kingdom. Following 
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the path so admirably opened up by his predecessor, Dr. Whiteaves 
has amply sustained the scientific reputation of the Canadian 
Geological Survey, and has made solid contributions of great value 
to Paleontology. 

In requesting you, Lord Strathcona, as High Commissioner for 
Canada, to be so good as to transmit this Medal and its accompany- 
ing cheque to our esteemed colleague in Ottawa, I would beg you 
at the same time to assure him that the Geological Society values 
his services to our science, takes an interest in his welfare, and 
sends its cordial wishes for the continued prosperity of the great 
scientific institution in which he has laboured so long, and to the 
renown of which he has so greatly contributed. 


Lord SrrarHcona, in reply, expressed the pride and pleasure which 
he felt in receiving the medal on behalf of a paleontologist, the 
great value of whose work had been known to him for many years. 
He recalled the inception of the Canadian Geological Survey under 
Sir William Logan, and remarked that, in showing its appreciation 
of the merits of Dr. Whiteaves, one of the most indefatigable 
workers on that Survey, the Council of the Society had done honour 
to the Survey and to Canada. 


ee ee 


AWARD oF THE Braspy MEDAL. 


The Pruesrppnr then handed the Bigsby Medal, awarded to 
Mr. Arratr Wittam Roeerrs, M.A., to Mr. G. W. Lamupruen for 
transmission to the recipient, addressing him as follows :— 


Mr. LamriveH,— 


The Bigsby Medal has been adjudicated by the Council to 
Mr. A. W. Rogers, in appreciation of his important labours in 
South African Geology. For more than ten years he has been at 
work in Cape Colony; not infrequently under difficulties which, 
in older countries like our own, can hardly be realized. His nume- 
rous reports, whether prepared by himself alone or conjointly with 
his colleagues on the Geological Commission, and published in the 
Commission’s annual volumes, have materially increased our know- 
ledge of the geological structure of the southern part of the African 
continent. Besides these official memoirs, he has published alone, 
and also in conjunction with his able colleague, Prof. KE. H. L. Schwarz, 
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in the ‘Transactions of aoe South African Philosophical Society,” 
some important papers in which striking evidence has been brought 
forward in favour of old glaciation during more than one geological 
period in South Africa. His volume published in London two 
years ago, under the title of ‘An Introduction to the Geology of Cape 
Colony,’ reveals the patient and cautious character of his work, and 
shows how firmly and quietly the foundations of our knowledge of 
the geological history of that interesting region are being laid. 

This Medal is always given to one who is not more than 45 years. 
of age and thus, to use the words of its venerable founder, ‘ probably 
not too old for further work, and not too young to have done much.” 
In asking you to be so good as to transmit this Award to Mr. Rogers, 
I should be glad if you would accompany it with an expression of 
our good wishes for himself, and of our continued interest in the 
important and useful work of the Geological Survey which he so- 
ably superintends. 


Mr. Lamprueu, in reply, said :— 
Mr. Presipenr, — 


It gives me deep satisfaction to receive this Medal on behalf of 
Mr. Rogers, for, like all the geologists who took part in the visit of 
the British Association to South Africa, I have learned to appreciate: 
very highly the results of his work and to admire the patient 
sincerity of the worker. 

Mr. Rogers has sent a letter which, Sir, with your permission, I 
will read :— 


‘Geological Commission, South African Museum, Cape Town, Jan. 15th, 1907. 
“To the Councit of the Geological Society of London. 
‘ GENTLEMEN,— 


‘I thank you most heartily for the honour which you have done me by the 
award of the Bigsby Medal. I take it as a recognition that the geological survey of 
this Colony has been carried out on sound lines, and as an expression of your hope 
that the work will continue. 

‘The official geologists of the present generation in South Africa are more 
fortunate than their predecessors in having instructions which allow them to work 
steadily at the geological structure of the country, unhampered by frequent orders to: 
investigate some local details of passing interest. Thus a firm foundation is being 
laid for future work, both scientific and economic. In Cape Colony, which was the 
first of the South African countries to institute a systematic survey, the Geological 
Commissioners have pursued this policy from the commencement of the survey 
under their control; my predecessor in charge of the work, Dr. G. 8. Corstorphine, 
always kept this end in view, and I have done the same. 

‘In examining the manuscript map (dated 1859) and sections made by the first 
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official geologist at the Cape, Andrew Wyley, once a Fellow of this Society, it is 
impossible not to perceive that, had he been allowed to continue his work, the geology 
of the Colony would long ago have been well known, even as regards those parts 
where to-day the broad outlines are still uncertain. 

‘ Circumstances prevent the establishment of a lavishly-equipped Survey in this 
Colony, and there are many problems which have to be left almost untouched because 
their investigation requires too detailed work; but your award will make Cape 
geologists feel that their efforts are warmly appreciated, and I believe that my 
colleagues past and present will share my gratification. 

‘For myself, I must say that your generous gift will always urge me to do better 
work, and my only regret is that I am unable to receive the Medal personally from 
a man whose writings have been a constant source of instruction and pleasure to 
me ever since Geology began to be the great interest of my life. 


* Believe me, 
‘Yours faithfully, 
‘ARTHUR W. ROGERS.” 


AWARD OF THE WoLuLaAston Donation-FUND. 


In handing the Balance of the Proceeds of the Wollaston 
Donation-Fund, awarded to Dr. ArrHur Vaueuan, B.A., to Prof. 
W. W. Warts, for transmission to the recipient, the PResipENT 
addressed him in the following words :— 


Professor Warrs,— 


The Balance of the Proceeds of the Wollaston Donation-Fund has 
been assigned to Dr. A. Vaughan, as a mark of the Council’s appre- 
ciation of the excellence of his contributions to Geology, and in 
particular of his application of the zonal method of stratigraphical 
classification to the Carboniferous Limestone of this country. I 
had often wondered why this method, which was so successfully 
adopted many years ago for the corresponding portion of the 
Carboniferous system of Belgium, should never have been similarly 
applied to our own great Limestone-deposit. Dr. Vaughan has now 
demonstrated, by a careful study of the corals and the brachiopods, 
how completely it is available here, and the basis of investigation 
which he has laid so firmly in the Bristol region will doubtless 
prove to be one upon which the stratigraphy of the Carboniferous 
Limestone throughout the rest of the British Isles may be satis- 
factorily worked out. When you transmit to him this Award, will 
you assure him that the Society looks forward with much interest 
to the continuation of his important labours ? 
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AWARD OF THE Murcuison GrotocicaL Funp. 


The PrestpEnt then presented the Balance of the Proceeds of the 
Murchison Geological Fund to Dr. Fenix Oswanp, addressing him 
as follows :— 


Dr. OswarLp,— 


The Council has awarded to you the Balance of the Proceeds of 
the Murthison Geological Fund, in recognition of the value of your 
contributions to our knowledge of the Geology of Armenia. The 
remarkable volume which you have published on this subject affords 
ample evidence of your keen powers of observation and of the 
indomitable courage with which you have done pioneer-work in a 
little-known country and with which, also, you have laid your 
results before the world. 

Your treatise is, in one respect, probably unique in geological 
literature. To surmount the difficulties presented by the expense 
of publication, you purchased a hand-press, learned the art of type- 
setting, and laboriously printed off the whole book, page by page, 
with your own hand, while the numerous sections, maps, and plates 
of fossils were likewise drawn, reproduced, coloured, and printed 
off by yourself. The volume is dedicated to your wife, who will 
share your pleasure at this recognition of your labours, and to whom 
with yourself I desire to convey the good wishes of the Geological 
Society. 


AWARDS FRoM THE LyEett GroLocicat Funp. 


_ In presenting a moiety of the Balance of the Proceeds of the 
Lyell Geological Fund to Mr. Tuomas Crosser Canrritt, B.Sc., 
the Prestpent addressed him in the following words :— 


Mr. CantRiri,— 


_ The Council has this year awarded to you a moiety of the Balance 
of the Lyell Geological Fund, in recognition of the quality of your 
contributions to Geology, more particularly in relation to the strati- 
graphy of the formations from the base of the Lias down into the older 
Paleozoic rocks. Your early paper on Wyre Forest afforded good 
promise of your future success. Since it appeared you have served 
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for upwards of ten years on the Geological Survey, where, as I can 
personally testify, your work has been characterized by remarkable | 
carefulness and precision. It is to me a great gratification to hand 
this Award to a former Survey colleague, and to wish you continued 
activity and success in your career. 


The PrestpEent then presented the other moiety of the Balance of 
the Proceeds of the Lyell Geological Fund to Mr. THomas Suepparp, 
F.G.S., addressing him as follows :— 


Mr. SHEPPARD, — 


The other moiety of the Balance of the Lyell Geological Fund has 
been assigned by the Council to you, in acknowledgment of the 
useful additions made by you to our knowledge of the Pleistocene 
Geology of East Yorkshire ; of the value of your bibliographical 
work and your labours in the Hull Museum ; and of the excellence 
of your volume on ‘ Geological Rambles in Kast Yorkshire,’ which 
contains much information presented by you in a popular and 
attractive form. 
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‘THE ANNIVERSARY ADDRESS OF THE PRESIDENT, 
Str ArcurpaLp Gerxre, D.C.L., LL.D., Sc.D., Sec.R.S. 


‘For many years past it has been usual for the President, on this 
-Amniversary occasion, to prepare an Address dealing with some | 
‘special subject in geology or with the work of the Society during 
the past Session. We meet to-day under exceptional circum- 
‘stances, which may perhaps warrant some departure from the 
‘customary practice. The Society has now attained its hundredth 
year, and our proceedings during the present Session will naturally 
have reference to that interesting event in our history. When 
last February you did me the great and exceptional honour of 
electing me to fill this Chair for the second time, it was with 
tacit reference to what should be done in the way of celebrating 
our centenary. The knowledge that this was so greatly touched 
me. ‘To be chosen as the spokesman of the oldest geological 
Society in the world on the occasion of its first great jubilee is 
indeed a distinction of no common kind. 

It was with a deep sense of your kindness and my own respon- 
sibility that I began some time ago to consider what subject would 
be specially appropriate, as the selected subject ought certainly to be, 
to the circumstances in which we this year hold our Anniversary 
Meeting. I was eventually led to debate in my own mind whether 
such an address would be more fittingly given now or be held over 
until the formal celebration of our centenary some months later. 
Further reflection convinced me that, as 1 could hardly see my 
way to prepare, and to inflict on the Society, two addresses in the 
same year, and as one would certainly be required, in some form, 
at our coming festival, it would be best to reserve for that occasion 
what, under ordinary circumstances, would have been spoken now. 

With regard to the arrangements for the celebration of our 
centenary, [ should like to take this opportunity of making a few 
remarks to the Society. The Council has appointed a Committee 
to frame and carry out these arrangements, and this Committee 
has already begun its duties. Enquiry has shown that the last 
week in the month of September appears to be, on the whole, the 
time which will be most generally convenient to Fellows and 
guests in this country and to visitors from abroad. It is therefore 
intended that the celebration shall take place at that time. Hvery 
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Fellow of the Society will, of course, receive due notice, as well as 
a detailed statement of the arrangements when these have been 
finally settled. Invitations to attend the meetings will be imme- 
diately sent out to all our Foreign Members and Foreign Corre- 
spondents. Geological Societies, Geological Surveys, and learned 
institutions which have a geological side will be asked to send 
delegates. Personal invitations will also be addressed to geologists 
of note in the Old and the New World who may not be already 
enrolled in our foreign lists. It is hoped that to these various 
invitations there wiil be a friendly response, either by personal 
representation or in writing. We may not impossibly be privileged 
to see a larger company of geologists assembled together here next 
September than has ever been gathered together in this country 
before. | 

It is thought that the official programme may extend over three 
days in London. The arrangements for each of these three days 
are under consideration, but I may mention now that I propose 
to give my postponed Address as the piéce de résistance of one of 
the forenoon or afternoon meetings. In that address I shall offer 
a sketch of the state of geological science outside of Britain at the 
time when our Society was founded, and indicate the external 
influences that affected its start. By this choice of a subject I 
hope to interest our foreign friends, while at the same time in- 
viting our own Fellows into a domain of the history of science 
which is perhaps less familiar than it deserves to be. The chronicle 
of the Society itself during the first hundred years of its existence 
has been carefully and fully compiled from all available sources by 
our colleague, Mr. Horace B. Woodward. His volume is now at 
the printers’, and will be in the hands of Fellows in the course of 
the summer. 

Excursions to places of geological note in this country will 
probably be arranged, some to precede and others to follow the 
meeting here. The various museums and places of interest in 
London will, of course, be shown to our visitors; and there will 
doubtless be no lack of public and private hospitality. It is anti- 
cipated that the Universities of Oxford and Cambridge will receive 
our foreign friends. But the details of these various arrangements 
have still to be worked out. 


From this bright anticipation of festivities in the near future I 
must now regretfully turn to the moarnful duty which devolves 
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‘upon the President at our Anniversary to record the losses which | 
the Society and geology at large have sustained during the past 
twelve montks from the thinning of our ranks by death. 


By the death of Everne Reyervier the Society loses one of its 
most esteemed Foreign Members, and geology one of the veterans 
of last century who notably contributed to the advancement of the 
science. Born at Lausanne on March 25th, 1831, he remained not 
only true to his country but faithful also to his native city, for it 
was there that he spent a long, active, and honoured life, which 
was sadly and suddenly closed by a fatal accident on the 4th of 
last May. 

After his early education in Switzerland, Renevier was boarded 
by his father at Stuttgart, where he attended the Polytechnic 
School, and where he received the impulse towards scientific 
pursuits which soon became the paramount interest of his career. 
He had already begun to collect minerals, and he now made the 
acquaintance of his fellow-student Oppel, who, as an earnest of his 
future distinction in paleontological research, was already in the 
habit of gathering fossils. The two young naturalists made ex- 
changes of their little duplicates, and doubtless by their influence 
on each other determined their respective vocations in life. There 
appears at least to be little doubt that, when he left Stuttgart, 
Renevier’s bent towards science was already so strong as to over- 
master every other tendency. In 1848, when only 17 years old, he 
climbed among the cliffs of the Diablerets in search of fossils. He 
seems to have remained about three years at Stuttgart. At the 
end of that time, and before he was twenty, he felt himself strong 
enough to venture into the arena of geological authorship by com- 
municating his first scientific paper to the Société Vaudoise des 
Sciences Naturelles. In this maiden effort, which was an attempt 
to determine the place of the freshwater molasse in the series of 
the Tertiary formations, and also in his other early writings, he 
struck what proved to be the keynote of all his scientific energies, 
which was a combination of stratigraphical and paleontological 
research directed towards the determination of the true order and 
succession of the stratified rocks. This intimate combination was 
employed by him with the object of tracing out the history of 
geographical change and the progress of organic life, in the first 
instance upon the site of his own beloved Switzerland, and then 
over the whole surface of the globe. 
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The criticisms made on his first essay taught him that further 
study was necessary. He therefore in 1851 betook himself to 
Geneva, in order to attend the instruction given there by the illus- 
trious paleontologist, F. J. Pictet. From that centre he devoted 
himself to the task of working out the succession of formations 
in the district of the Perte du Rhone, and, when only two-and- 
twenty, produced his now famous memoir on that subject. With 
the view of still further advancing his scientific training he went 
in 1854 to Paris, in order to place himself under the teaching 
of Hébert. While in the French capital he wrote, in conjunction 
with his master, a memoir in which were described the Num- 
mulitic fossils from his haunts among the Diablerets and other 
places in Savoy. This paper was read to the Geological Society of 
France in June 1854. From France he crossed over to England, 
where he spent some time in studying more especially the fossils 
of the Lower Greensand and the fauna of Blackdown. This 
visit gave him a lifelong personal interest in Britain and British 
geologists. 

Returning to Lausanne in 1855, he found that his reputation as a 
promising young man of science had preceded him. In the following 
year he was appointed to a post in the Academy of Lausanne. At 
first he gave a course of lectures on zoology, but early in November 
1859 he exchanged that subject for geology, which then included 
physical geography, stratigraphy, paleontology, mineralogy, and 
petrography. After 1863 his academic range of subjects was 
fortunately curtailed; Mineralogy and Paleontology were made 
into distinct Chairs, and Petrography was afterwards also separated. 
In 1890 the Academy having been transformed into a University, 
Renevier became Professor of Geology and Paleontology. Thus 
for half a century he continued to have charge of the instruction 
in his own favourite departments of science. He was not a lecturer 
who by the eloquence and impulse of his language fired his students 
with enthusiasm. But he gained their attention and sympathy in 
another way. They could not but be impressed with his whole- 
hearted devoticn to his subject, his eagerness to communicate his 
knowledge, his indomitable persevering application to the problems 
of which he sought the solution, They were won over, tco, by his 
personal charm, by his patience, his gentleness, his helpfulness, 
and by the good humour which brightened all his relations with 
them. He thus became a living force in the educational progress 
of his country. 
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His success as a teacher depended also, in no small degree, upon 
the amount and quality of his work as an original and unwearied 
investigator, and the recognition which this work met with, not only 
in Switzerland but throughout the scientific world. The fossili- 
ferous rocks of his native land had early fascinated him, and he 
consecrated all his mental and bodily energies to their patient 
study. In his young days, after returning to Lausanne, he would in 
summer make his way into the Alps to begin there those researches 
which, late in life, he brought to so excellent a conciusion. There 
were then still living some of the survivors of the heroic age of 
geology, whom he was privileged to meet. He used to tell of 
his acquaintance with Jean de Charpentier, and of the great men 
whom he had heard disputing with that illustrious glacialist over 
his theoretical views. He was delighted to recount to his students 
how one day he was scolded by Leopold von Buch for having 
ventured to offer to that old geological Spartan the loan of an 
umbrella. 

Renevier had great powers of endurance, which stood him in 
good stead in his mountain-climbing. He is said to have been 
able to go through a week of excursions, carrying with him for all 
meals only a box of some kind of peptone and a little bread. And 
in his unwarmed museum during winter, when everything was frozen 
hard outside and inside, he would discourse with his usual enthusiasm 
on the specimens, while to the shivering students it seemed as if 
he must gef his warmth out of his beloved fossils. He was always 
at his best in the field. There his gaiety and merriment, his fund 
of anecdote, and his contagious enthusiasm over everything geolo- 
gical made him a charming associate to his friends and an inspiriting 
professor to his students. 

Having begun at an early age to publish the results of his obser- 
vations, Renevier continued all through life to pour forth a copious 
stream of contributions to geological literature. As the Socicté 
Vaudoise has its seat at Lausanne, and publishes summaries of 
its proceedings, it supplied to the young student and teacher a 
constant stimulus and companionship in scientific work, while at 
the same time it provided an opportunity for making the results of 
his researches known to the geological world outside. Eventually 
he became the life and soul of that Society, seldom failing to appear 
at its meetings, and taking the keenest personal interest in its 
business. 

Having such a channel of publication open to him in his own 
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town, he availed himself of it freely from his youth onwards. The 
early volumes of the Society’s ‘ Bulletin’ are full of short notices or 
reports by him, referring either to his own work or to that of other 
observers. In looking through these volumes one may notice the 
appreciation which he shows of the progress of geology in Britain 
One of his first papers, for example, read as far back as July 1855 
was a sympathetic summary of the memoirs of Daniel Sharpe on 
the Cleavage and Foliation of the rocks of the North of Scotland, 
which had appeared in our Quarterly Journal. A few months later 
he gave an account to the same Society of his studies in the South 
of England, to which I have already alluded, and he there referred 
to the collections of Dr. Fitton, the Geological Society, and the 
Geological Survey, which had been liberally placed at his service, 
announcing at the same time that he had himself been so diligent 
in the search for the fossils of the English Lower Greensand and 
Blackdown Beds that he had been able to form a collection which, 
in his opinion, was undoubtedly one of the finest after those just 
mentioned. 

Renevier’s passion for stratigraphy based on the accurate deter- 
mination of fossils, so prominently manifest in his earliest writings, 
found abundant expression through his long and strenuous life. I 
have referred to his quarto memoir on the Perte du Rhone, which, 
although the work of so young a man, has become a classic in the 
history of Swiss geology. It may be taken as the type and fore- 
runner of all his subsequent labours. A trained and able paleon- 
tologist, he well knew how to appreciate and enforce the value of 
the evidence of fossils in every branch of stratigraphical research. 
He was less interested in the tectonic structure of the Alps than in 
unravelling the order of succession among the stratified formations 
of these mountains. He had indeed shown in early life an appre- 
ciation of the importance of tectonic studies, when he applied the 
generalizations of Daniel Sharpe to the interpretation of the crushed 
and contorted rocks of Switzerland. But his relation to this de- 
partment of geology became rather that of a keen and watchful 
eritic of the opinions of others, than that of an original observer in 
the same field. 

He had for many years been engaged in Alpine research, and had 
his material in great part ready for publication when an affection 
of the eyes retarded his progress, and became at last so serious that 
in 1880 he nearly lost his sight. Not until 1890 did his great 
quarto monograph on the Hautes Alpes Vaudoises appear as one of 
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the Livraisons of the Geological Commission of Switzerland. This 
is undoubtedly Renevier’s masterpiece. It was the result of more 
than a quarter of a century of mental and bodily toil, and will 
remain an imperishable monument of his genius. No one can 
travel over the ground so well described and so admirably illustrated 
in this Memoir without a profound admiration for the enthusiasm, 
endurance, patience, and skill of the kindly and gentle Professor of 
Geology at Lausanne. 

Besides his prolonged application to the task of elucidating the 
stratigraphy of his native country, Renevier took a wider view of 
the subject, and devoted himself with great zeal and unwearied 
persistence to the still more arduous labour of trying to convert the 
geological world to his views as to the necessity of introducing 
greater uniformity into the terminology of geology, more especially 
in the department of stratigraphy. He was the originator and the 
prime source of the energy of the Committee formed by the Inter- 
national Geological Congress for the consideration and codification 
of this subject. The reports of this Committee bear eloquent 
witness to the amount of time and thought which he bestowed 
upon them, and the subject with which they deal. His chief con- 
tribution to this branch of geological literature is his ‘ Chronographe 
Géologique,’ which, first issued in 1873-74, reached its culminating 
and gigantic proportions in the second edition published in 1896. 
There is much that is both attractive and suggestive in the orderly 
method and symmetrical nomenclature embodied in the huge strati- 
graphical table in this work. Even where we may be reluctant to 
see time-honoured stratigraphical and other appellations crushed 
into the Procrustean bed which Renevier so skilfully prepared for 
them, we must admit the wisdom of his general aim, and recognize 
the good service done by him in holding this laudable aim pro- 
minently and persistently before the geological world for so many 
years. 

One of the duties in which he took more especial pleasure at 
Lausanne was the supervision and enlargement of the Geological 
Museum. With but slender financial resources he succeeded in 
forming an admirable collection of fossils and minerals. He was 
practically its founder, and ke watched over its welfare and growth 
as a father over his child. Each year he would issue a little tract 
giving an account of the progress of the collections, and distribute 
copies of it among his friends and correspondents abroad, who were 
always glad to receive these friendly tokens of the ceaseless activity 
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of the Nestor of Swiss geologists. In spite of the insufficient space 
available for the exhibition of his constantly increasing collection, 
he had succeeded in making the museum an admirable educational 
institution. The same love of logical order and symmetry which 
impelled him to seek the unification of geological nomenclature 
reigned over all the cases and galleries of his museum. Had he 
lived a little longer, he would have had the joy of seeing his 
collections moved into the more spacious quarters designed for them 
in the University buildings. 

With every department of scientific enterprise in Switzerland 
Renevier sympathized, and where possible he took his share of the 
active work. He was the founder of the Swiss Geological Society, 
and continued to be its President up to the end of his life. He 
was a member of the Geological Commission, member of the ‘ Com- 
mission des Mémoires’ of the Société Helvétique, and President of 
the Geological Commission of the Simplon Tunnel. His influence 
was thus strong and wide in his own country, but his powers were 
not less appreciated abroad. His constant and active participation 
in the meetings of the International Geological Congress made him 
personally well-known to many geologists all over the world. It 
was, therefore, a fitting recognition of his personal charm and 
scientific achievements when they chose him as their President for 
the Congress which met at Zurich in 1894. He was elected a 
Foreign Correspondent of the Geological Society of London in 1877, 
and a Foreign Member in 1888. 

This notice of our departed friend would be inexcusably incom- 
plete, if it made no allusion to the religious side of his nature. 
He was a sincere and active Christian, who carried his faith into 
the details of life, and who delighted in every opportunity of doing 
good. In his religion he showed some of the same marked indi- 
viduality as in his science, but while simple, reverent, and firm in 
his own convictions, he was always tolerant towards the opinions 
of others. 

Those who were privileged with Renevier’s friendship mourn in 
him the breaking of one of the last links that connect them with 
the early leaders of geological science, but still more do they grieve 
for the loss of one for whom they had the strongest regard and 
affection, and for whose scientific achievements they had a sincere 
admiration. Their sorrow is aggravated by the reflection that he 
retained up to the last so much of his characteristic energy and 
vivacity, that but for a tragic accident they might have enjoyed 
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his companionship for still some years to come. It had been in- 
tended to celebrate last year the fiftieth anniversary of his academical 
work, and we can believe that the occasion would have called forth 
a world-wide expression of appreciation of the extent and value of 
his geological achievements as teacher and investigator, and of 
affectionate regard for him as a man. But the weakness of his 
eyesight seems to have led him to mistake the door of a lift for the 
exit of the house in which he was. He fell to the bottom, and 
died next day. We can now only look back upon the remembrance 
of his friendship, and on the bright example which he has left of a 
life unceasingly and cheerfully devoted to the cause of science and 
the furtherance of good works.’ | 


No more serious blow has for a long time fallen upon the 
chemical and mineralogical side of geology than that arising from 
the death of Samvet Lewis PEnFiep, the distinguished Professor 
in the Sheffield Scientific School of Yale. He was born on 16th 
January, 1856, at Catskill, on the Hudson River, where his father 
was a prominent citizen, engaged in mercantile and shipping 
business. He studied at Yale University, end, after taking his 
degree with honours in 1877, devoted himself to original research 
in the department of analytical inorganic chemistry. The researches 
of Prof. Brush and Edward Dana at Branchville (Connecticut), 
revealing a remarkable assemblage of new minerals, afforded 
Penfield the opportunity that ultimately settled his future career. 
The determination of these minerals was entrusted to him, and gave 
him a keen interest in the chemical problems which their analysis 
suggested. Although it was from the chemical side that he 
approached the subject, and though in 1880-81 he spent some time 
in Germany, under Fittig of Strassburg, in researches among 
organic compounds, thus enlarging his grasp of both sides of 
modern chemistry, it was not strictly as a chemist that he was to 
attain the position to which he rapidly rose in the scientific world. 
In the autumn of 1881 a fortunate opening occurred in the Sheffield 
Scientific School, when G. W. Hawes was transferred to the National 
Museum, and Penfield was appointed to the vacancy as Instructor 
in Mineralogy. From that time he continued to be actively 


1 For some of the personal details contained in this notice I am indebted to 
the kindness of my friend Prof. Lugeon, the devoted pupil and successor of 
Renevier. 
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engaged in teaching and research within the walls of his Alma 
Mater, becoming Assistant Professor in 1888, and full Professor in 
1893. Having now thrown himself heart and soul into the 
prosecution of mineralogical work, and finding the need of more 
familiarity with the modern methods of optical and microscopical 
research, he returned to Europe for some months in 1884, in order 
to work in the Heidelberg Laboratory under Prof. Rosenbusch. 
He thus admirably equipped himself for attacking mineralogical 
questions from every side, and for training a school of students in 
the most advanced modern methods of mineralogical research. His 
kindly, sympathetic nature, combined with his great scientific 
attainments, made him a remarkably successful teacher. 

The amount and the quality of his work are alike remarkable. He 
not only made known the composition and relations of a number of 
new and interesting minerals, but he was able to throw fresh light 
on the true chemical constitution and mineralogical affinities of 
other species which had long been known, and of some which were 
of familiar occurrence. His analyses of the Branchville minerals 
led to the recognition of the probable isomorphism of fluorine and 
hydroxyl which he afterwards completely demonstrated, and thus 
showed ‘that the existence of these isomorphous radicals not only 
explains the structure of many minerals, but that their presence is 
of the greatest importance in understanding the mode of formation, 
especially in magmatic processes.’ . He was not only a chemical 
analyst of the first order, but was hardly less distinguished as a 
erystallographer. His ingenuity and skill as a manipulator enabled 
him to devise and improve methods and instruments of mineral- 
ogical research. It may be said that, in every department of 
investigation into which he entered, he left the record of his keen 
insight, his originality, and his breadth of view. 

Penfield’s claims to a high place in the ranks of modern science 
were recognized in his lifetime by the various honours conferred 
upon him by scientific institutions in his own country and abroad. 
He was elected a Corresponding Member of our Society in 1896. 
His health had not been good for about three years, but the disease 
from which he suffered took a sudden unfavourable turn, and 
carried him off on the 12th of August, 1906." 


1 This is a brief summary of the memoir by Penfield’s friend and colleague, 
Prof. L. ¥. Pirsson, of Yale, in the ‘ American Journal of Science’ for November 
1906. 


x PROCEEDINGS OF THE GEOLOGICAL socteTy. [May 1907, 


Grorce CHEETHAM CHURCHILL, who died full of years on 
October 11th, 1906, was the son of a Nottingham manufacturer, 
and was born in that town on September 25th, 1822. Educated asa 
solicitor, he was, while still a boy, deeply interested in natural history, 
especially entomology. In early manhood the experiments, already 
begun, of Messrs. J. B. Lawes and J. H. Gilbert, attracted him to 
the subject of land-treatment ; and he gained an intimate friend in 
Josiah Gilbert, the artist brother of the latter. After his marriage 
in 1853, Churchill removed to Manchester, and at the end of ten 
years found himself able to retire from professional work and 
devote himself wholly to scientific study. His vacations had for 
some time been occupied by botanical researches, and in 1856 he 
and Gilbert, accompanied by their wives, obtained, as they tell us, 
their first glimpses of the Dolomite Mountains. In 1860 Churchill 
returned to them alone, and the three following summers were 
spent by the four friends in wandering among the grand and 
beautiful scenery which that rock affords, from the Rosengarten to 
the Karawanken Alps. These journeys bore fruit in ‘ The Dolomite 
Mountains,’ a joint issue, published in 1864, which at once took a 
high place in Alpine literature, and in that year Churchill was 
elected a Fellow of this Society. Left a widower in 1866, he 
settled finally at Clifton in 1869, after his second marriage. That 
union was a brief one, but in 1873 he again found a sympathetic 
companion, who survives him. So long as health permitted, he 
continued his travels in search of plants, especially Alpine, and in 
later years largely augmented his herbarium by exchange and 
purchase. ‘That herbarium, containing altogether above 10,000 
species, varieties, and hybrids, now belongs, partly by gifts during life, 
partly by bequest, to the Royal Botanic Gardens, Kew, which he had 
greatly aided in forming their fine collection of living Alpine plants. 

Though he never contributed to our Journal, the chapter on the 
Dolomite Mountains, which Churchill wrote to that volume, shows 
that he had not only studied, but had also grasped the literature of 
the subject. In short, he was a first-rate botanist, no mean 
geologist, and a man of wide general culture.} 


JoHN Frepprick Brae was, for many years, one of the most 
familiar figures at our Meetings, where he read papers and where 
he often took part in the discussions of the papers of others. He 
was born at Stoke-next-Guildford on April 3rd, 1839 ; and, after an 
education at Christ’s Hospital, London, went to Caius College, 


1 This notice has been kindly contributed by Prof. Bonney. 
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Cambridge, where he had a successful career, coming out first in the 
Natural Science Tripos of 1862, and fifteenth Wrangler. He was 
a pupil of Sedgwick, and it was not improbably the influence of 
that great teacher which ultimately determined the line of his 
favourite pursuits. The son of a clergyman, he himself took holy 
orders, and held one or two curacies in succession, until, in 1865, 
he was appointed Mathematical Master and Assistant Chaplain at 
St. Peter’s School, York, where he continued for nine years. He 
had early distinguished himself in Mathematics, having carried off 
the first prize in that subject at Christ’s Hospital. His love for 
science had been growing during his stay at York, and he at last 
resigned his post there, at the same time relinquishing all clerical 
work in order to prosecute science as his vocation. For some years 
he gave courses of lectures at various institutions and on various 
subjects. His range of acquirement was wide, and he found oppor- 
tunities of exercising it. Thus for four years he lectured on Com- 
parative Anatomy at the Charing Cross Hospital, and during that 
period he also gave a course of lectures on the same subject at 
King’s College. He united the qualifications, not usually found in 
the same individual, of accomplishment both on the biological and 
on the mathematical and physical sides of science. 

These exceptional claims were recognized in 1880 by his appoint- 
ment as Professor of Natural Science at University College, Not- 
tingham, where for eight years he centinued to teach and organize 
his museum. But circumstances arose which made the post no 
longer agreeable to him, and he then removed to London, where for 
some years he became a frequent contributor to the ‘ Geological 
Magazine’ and our Quarterly Journal. He also started at that 
time a periodical of his own, called by him ‘ Annals of Geology,’ 
in which he gave summaries of the more important coutributions to 
geological literature in each year, not unaccompanied with pungent 
criticisms of them by himself. This work he continued to issue for 
four years (1890-93), until, from want of adequate support, it was 
abandoned. 

In 1895 he was invited to Baroda, to form and arrange the State 
Museum there. He took occasion when in India to look into the 
geology of certain tracts, and on his return published papers on 
some cf the geological features of Cutch. Back in London, he 
plunged once more into the scientifie work which had now become 
so congenial tohim. But those who came into most frequent contact 
with him noticed some diminution of his former energy and vivacity. 
His wife, the youngest daughter of the Rev. F. F. Haslewood, 
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Recter of Smarden, Kent, whom he had married in 1886, died 
shortly after his departure for Baroda, and this bereavement cast a 
shadow over the rest of his life. Yet he fought, and fought stoutly, 
for the opinions he held on questions of keen controversy at the time. 
But he was always a courteous and kindly combatant, for whom 
even his keenest opponent could not but have a friendly regard. 

Prof. Blake’s numerous contributions to the literature of our 
science range over an ample field of geological research. ~Perhaps 
his best and most enduring stratigraphical work was that which 
he devoted to the stratigraphy and paleontology of the English 
Secondary formations. His papers on the Kimeridge Clay and 
on the Portland Rocks of England, published in our Quarterly 
Journal, are excellent examples of his methods of investigation and 
will always hold their place in the historical development of our 
knowledge of these important portions of the geological record. His 
‘Yorkshire Lias,’ written in conjunction with Prof. Ralph Tate, and 
his Memoir on the ‘ Corallian Rocks,’ which he prepared conjointly 
with Mr. W. H. Hudleston, are standard treatises on their respective 
subjects. In further continuation of these earlier studies, he was 
engaged in his later years in preparing a monograph on the Fauna 
of the Cornbrash for the Paleontographical Society, of which only 
the first part has been published. He did not restrict himself, 
however, to the Mesozoic formations. Some of his most strenuous 
labour was devoted to the endeavour to work out the structure and 
relations of the oldest rocks of North Wales. He tried his hand, 
too, among the most ancient masses of the North-West Highlands. 
And, although his conclusions on such matters have not always met 
with general acceptance, they were usually ingenious and worthy 
of attentive consideration. 

The Geological Society is indebted to Prof. Blake for the labour 
which he spent upon the List of type-specimens in the Society’s 
Museum. This list, which was printed and published, forms a 
valuable paleontological record. His various services to science 
and to the Society have not passed without formal recognition 
from us. He was elected a Fellow of the Society in 1868. 
In 1877 the Murchison Fund was awarded to him; in 1895 he 
received the Lyell Medal, and he has served on the Council. He 
died in London on the 7th of July last year. 


CuaRLes Everne DE Rance, who entered the Society in 1569, 
was born on November 22nd, 1847. His parents, who were both 
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French, took refuge in England at the time of the Revolution of 
1848. He thus became a domiciled Englishman, and was educated 
at King’s College School, London. At the age of one-and-twenty 
he joined the Geological Survey of England under A. C. Ramsay, 
shortly after the great enlargement of the staff in 1867. He was 
employed in the survey of portions of Cheshire, Flintshire, and 
Lancashire, and he prepared the published descriptions of the tracts 
which he had examined. In the course of these official duties his 
attention was particularly called to the importance of geological 
structure in regard to questions of water-supply. He was the chief 
motive power in the British Association’s Committee on the Circu- 
lation of Underground Waters, of which he was Secretary. He 
also took part in the work of the Congresses convened by the Society 
of Arts in 1878 and 1879 to consider the question of Water-Supply. 
The contributions made by him to these meetings formed the basis 
of a volume which he published in 1882, on ‘ The Water-Supply of 
England & Wales. In this useful compilation the details are 
given of the several river-basins of the Kingdom, including their 
length, area, population, and geological structure, together with 
such other information as the author was able to procure bearing 
on the main purpose of the book. 

His attention to questions of water-supply led to his obtaining 
some amount of employment as a consulting geologist on this 
subject. At last, in 1898, he gave up his appointment in the 
Geological Survey, and devoted himself to private practice as a 
mining and water-engineer at Blackpool. But probably in some 
degree from bad health, aggravated by domestic unhappiness, he 
seems to have gradually lost touch with science, and to have 
dropped out of sight of his old friends, who remember him in his 
earlier years as a versatile and lively companion. THe died from 
the effects of an accident on April 28th, 1906. 


The name of Rozert Purntres Gree, which appears in our 
Obituary-list this year, cannot but excite a thrill of surprise in 
the minds of many geologists and mineralogists of this country who 
were under the belief that both the authors of the familiar and 
indispensable ‘Manual of the Mineralogy of Great Britain and 
Ireland’ had long since passed out of the land of the living 
Mr. Greg was born at Manchester on March 23rd, 1826, and from 
his boyhood must have been imbued with a sense of the attractive- 
ness of minerals. His father, an active and successful member of 
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the commercial community of Manchester, had purchased, as far 
back as 1835, the famous collection of minerals which had been 
formed by Thomas Allan, a wealthy banker in Edinburgh, and 
which had been studied and named by Haidinger, afterwards the 
illustrious Director of the Geologische Reichsanstalt of Vienna. 
This collection must have arrived at the Manchester merchant’s 
home when young Greg was only some nine years of age, and we 
ean believe that he helped to unpack and arrange the specimens. 
After his education, partly by private tuition and partly at a school 
in Brighton, he went in 1843 to Edinburgh University. Two 
years later, he began his training in business, and, on coming of 
age in 1847, was taken into partnership by his father. But he 
does not seem to have inherited his father’s devotion to mercantile 
pursuits. He married in 1857 Louisa, daughter of Mr. 8. 8. 
Gair of Liverpool, and in 1871 moved to Coles Park, near Bunting- 
ford, Hertfordshire, a charming rural property which has been in 
the family for upwards of 120 years. There he lived the peaceful 
and beneficent life of an active and useful country squire. _ 

But the attractions of the Allan Collection were not allowed by 
him to remain uncared for. On reaching manhood he began to 
collect minerals for the further enrichment of the cabinet, until he 
made it the most complete and valuable private assemblage of 
minerals in the country. In the course of these acquisitions he 
became acquainted with another enthusiastic collector, Mr. W. G. 
Lettsom, and their acquaintance led to their conjoint preparation of 
the ‘Manual,’ which was published in 1858. Every student of 
minerals in this country knows the excellence of this work, which, 
after half a century, has not yet been superseded. In 1860 the 
collection, which he had so greatly enriched, was sold to the 
Trustees of the British Museum. He wrote but little on mine- 
ralogical subjects, which, during the last eighteen years of his life, 
were replaced in his attention by meteorites. His chief contri- 
butions to science are numerous papers on meteors. He wrote also 
a book on the Comparative Philology of the Old and New Worlds, 
which was published in 1893. He became a Fellow of our Society 
in 1853, and took an active interest in the formation of the 
Mineralogical Society, of which he was for ten years the treasurer. 
He died on the 20th of last August, in the 81st year of his age." 


1 For this notice I am mainly indebted to that prepared for the ‘ Mine- 
ralogical Magazine’ by Mr. G. F. Herbert Smith, who was so good as to supply 
me with an advance-proof, 
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Joun Georce GoopcHitp, born near London on May 26th, 1844, 
was for forty years a member of the Geological Survey, in which 
he had a more varied experience than usually falls to the lot of 
most members of that organization, Joining the staff in 1867 as 
one of the young recruits at that time enlisted in the service, he 
was engaged for some years chiefly in mapping portions of the 
North-Western Counties of England, including tracts near the Lake 
District. Gifted with a keen eye and an ardent imagination, he 
quickly seized the dominant structural features of a district, and 
drew his conclusions as to the tectonic relations of the rocks. 
These were always ingenious and suggestive, though subsequent 
more prolonged study of the ground by his colleagues might neces- 
sitate the modification of lines traced by him on the maps. In his 
earlier years he was an indefatigable hill-climber, but an affection 
of the heart eventually deprived him of his powers of exertion until, 
in the end, such duties had to be assigned to him in the head-office 
as would relieve him from the strain of field-work. For some time 
he continued at the Jermyn Street Museum, charged with the 
preparation of maps for the engraver and various kinds of Memoir 
work. At last in 1889, when the Geological-Survey collections in 
the Edinburgh Museum had grown so extensive as to require the 
constant care of a resident keeper, he was transferred to the staff 
of the Survey in Scotland and placed in charge of these collections. 
In this new position Goodchild obtained greater scope for his 
remarkable and versatile powers. He carried out the arrangement 
of the Survey collections, and subsequentiy of the Heddle Mineral 
Cabinet, with admirable order and clearness, so that they have 
become a most attractive and instructive assemblage of the rocks, 
minerals, and fossils of Scotland. While still in London, he had 
given courses of lectures at Toynbee Hall on geological subjects 
which were much appreciated. His position in Edinburgh afforded 
him still further and better opportunity of developing this side of 
his capacity. He became an effective lecturer there, and conducted 
popular excursions to places of geological interest in the neighbour- 
hood. His pen was not less active than his lips. He continued to 
publish a continuous stream of notes and papers on a wide and 
diversified circle of subjects. His range of acquirement in natural 
history was considerable. To his knowledge of birds he added the 
gift of being able to portray them in drawings of extreme accuracy 
and artistic effect. He became a Fellow of the Geological Society in 
1884, and in 1893 received the Wollaston Fund in recognition of the 
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value of his work. One of his latest and most important contribu- 
tions to science was the editing of the two volumes on Scottish 
Mineralogy left unpublished by the late Prof. Heddle, a task which 
invoived an almost incredible amount of labour. His health had 
‘been failing for some time, and at last after a lingering illness he 
‘died on the 21st of last February. 


Wiri1am Pacer Jervis was born in 1831 in India, where his 
father was engaged on the Topographical Survey. He was brought 
to this country in 1842, and attended lectures at the Royal Institu- 
tion which appear to have stimulated in him a taste for geology and 
mineralogy. He would seem to have also acquired some practical 
knowledge of mining at Hayle in Cornwall, and after his father’s 
death in 1857 to have studied at some of the science-classes of the 
University of Edinburgh. A year or two afterwards he was 
appointed Curator of the Italian Industrial Museum at Turin, in 
the foundation and arrangement of which he had been inyited to 
assist. From that time he continued to reside in Italy, and to 
labour incessantly in gathering information regarding the distribu- 
tion of useful minerals and rocks, first in Tuscany and then all over 
Italy. He began to publish notes on this subject at least as early 
as 1860, for a paper on some of the mineral products of Tuscany ~ 
by him appears in our Quarterly Journal for that year. His 
writings are partly in English, but eventually for the most part in 
Italian. His most important work is his ‘ Tesori Sotterranei dell’ 
Italia,’ which appeared in a succession of volumes between the years 
1873 and 1889. These are mainly statistical, giving the occurrence 
and distribution of rocks and minerals in the various provinces, but 
with occasional passages of more general interest. The four volumes 
evince enormous labour, ard form a useful compendium of inform- 
ation. Jervis attended various International Exhibitions as one of 
the representatives of Italy, such as those of London in 1862, Dublin 
in 1865, and Paris in 1878. For these and his other services to his 
adopted country he was created a Cavaliere by the King of Italy. . 
He had been elected an Ordinary Fellow of our Society as far back 
as 1860. He died at Turin on February 18th, 1906. 


We have to chronicle this year the death of one of the oldest 
Fellows of the Society, Witt1am Cunnineton, who, born in 1813, 
died last February at the advanced age of 93. Though he wrote 
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and published a few papers on geological subjects, two of which 
appeared in our Quarterly Journal, he was best known as a diligent 
and successful collector of fossils. In that capacity he did good 
service to the science, and the valuable series of specimens, amount- 
ing to more than 20,000, which he gathered together, now form part 
of the treasures of the British Museum and the Museum of Practical 
Geology in Jermyn Street; while a portion of them has found a 
place in the Devizes Museum, of which he was one of the founders 
and the honorary curator. He will be remembered among those 
enthusiastic and helpful cultivators of geology to whose industry, as 
collectors of fossils, so much of our knowledge of the faunas and 
floras of the English Secondary rocksisdue. He joined the Society 
in 1854, so that he had continued to be a Fellow for more than 
half a century. 


Grorce FrepeRicK Harris, born in 1862, turned his attention at 
an early age to geology and archeology, and enlarged his experience 
by travel in Europe, Northern Africa, and the United States. Some 
of his observations abroad formed the subject of papers published 
in the ‘ Geological Magazine.’ He devoted much time and thought 
to the details of Tertiary geology, more especially to the mollusca 
of foreign Tertiary formations. In conjunction with our Fellow, 
Mr. Henry W. Burrows, he published an account of the Eocene 
and Oligocene divisions of the Paris Basin. He prepared a volu- 
minous Catalogue of the Tertiary Mollusca of Australia contained 
in the Geological Department of the British Museum, and added an 
Appendix to Mr. R. B. Newton’s Systematic List of British Oligo- 
cene and Eocene Mollusca in the British Museum. But besides 
these and other contributions to the strictly scientific side of 
geology, he showed a lively interest in the economic applications of 
our science, which he thought were too little regarded by geologists, 
especially by those in official positions. For more than twenty 
years he was a contributor to the ‘ Builder,’ and published in that 
journal a series of useful articles on ‘ Building-Stones ’ which were 
afterwards issued as a separate volume. Another practical work 
of his appeared with the title of ‘Granites & Granite-Industries,’ 
while a third was devoted to ‘The Science of Brickmaking.’ 
Having received a part of his education at the Birkbeck Institution, 
he continued in after-life to manifest his interest in that establish- 
ment, and for nearly twenty years was its Lecturer on Geology. 
He became a Fellow of this Society in 1885. After a prolonged 
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illness he died on the 16th of last July at his residence, Thornton 
Heath (Surrey). 


In that numerous and active band of observers to whom geology 
owes so much, who devote their leisure to the collection of the 
fossils of their own districts, and who place their specimens and 
their observations at the service of all who can put them to good 
use, there has for half a century been no one more widely known 
and respected than Jonn Warp, of Longton (Staffordshire), whose 
death took place on the 30th of November, 1906, in the 69th year 
of his age. With untiring zeal and conspicuous success he spent 
the scanty spare hours of a busy life in the study of the North 
Staffordshire Coalfield, more especially with a view to the determi- 
nation of the distribution of its organic remains. He early saw 
the importance of ascertaining the exact horizons of the fossils 
dispersed through the strata. More than forty years ago he 
detected the occurrence of marine organisms in the Coal-Measures 
of his district. Im the course of years he accumulated a fine series 
of the fossil-fishes of these strata, which were subinitted to and 
described by the most accomplished paleontologists of the day, and 
the chief part of which is now among the riches of the British 
Museum. His collection of the Carboniferous mollusca and plants 
has likewise supplied important fresh material for the increase of our 
knowledge of the fauna and flora of the Coal-Measures. Although 
he was so diligent a collector and knew so well the geological 
interest and significance of his specimens, he published only a small 
part of his knowledge in the form of notes, letters, and papers. 
But his stores of information were ever placed at the disposal of 
all interested in the subject. His name will be perpetuated in the 
designation of many fossils which he discovered. He joined our 
Society in the year 1874; and in 1899 he received a moiety of the 
Lyell Fund, in recognition of the value of his prolonged devotion to 
geological research. 


Tomas LeicHron was born in 1858, and, after completing his 
education at Stuttgart, he entered under his father the bookbinding 
firm of Leighton, Son, & Hodge, which had been established as far 
back as 1767. He became a partner in 1889, and in 1898, when 
his brother quitted the business, he practically took over the entire 
management. His knowledge of the trade was recognized by his 
being elected Chairman of the Bookbinding section of the London 
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‘hamber of Commerce. But, while thus fully immersed in mer- 
cantile pursuits, he found time to cultivate the taste for natural 
history which he had shown from his boyhood. It appears to have 
been after the year 1886 that he gave his special attention to 
geology, for he then inherited the geological collection and library 
of his uncle, W. H. Leighton. It was chiefly among the Cretaceous 
and Tertiary formations that he found scope for his work in the 
field. He communicated to the Society a paper on ‘The Lower 
Greensand above the Atherfield Clay of East Surrey, which 
appeared in the volume of our Quarterly Journal for 1895. He 
also wrote papers on the same subject and district in the ‘ Proceed- 
ings’ of the Geologists’ Association, likewise on the Greensand and 
Tertiary series of the Isle of Wight and on the Barton Beds of the 
Hampshire Coast. He acted as Excursion Secretary to the Geolo- 
gists’ Association for the six years from 1890 to 1896, and was 
indefatigable in his attention to the duties of that office. He was 
elected into the Society in 1891. Huis death took place suddenly 
on November 10th, 1906. 


The Geological Society having watched with interest and sym- 
pathy the foundation and vigorous growth of a younger institution 
devoted to the same scientific aims with itself, [ may express our 
sincere regret that the Geologists’ Association should have lost 
in Percy Emary its indefatigable Secretary, who for nine years 
devotedly watched over its progress. He was elected a Feliow of 
the Geological Society in 1897. If he has left no record of original 
scientific work, the yearly volumes of the Association for which he 
laboured so hard will remain an enduring monument of his services 
in the cause of geological advancement. 
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February 27th, 1907. 


Sir Ancuipatp Gerxie, D.C.L., Sc.D., Sec.R.S., President, 
in the Chae 


John Gerrard, H.M. Inspector of Mines, Worsley, Manchester ; 
Thomas Walter Joyce, Borough Engineer’s Office, Dartmouth ; and 
Lawrence William Kershaw, 62 Vivian Road, Harborne, Birming- 
ham, were elected Fellows of the Society. 


The List of Donations to the Library was read. 


The following communications were read :— 


. *On the Lower Ordovician Succession in Scandinavia.”* By 
William George Fearnsides, M.A., F.G.S. 


2. <The Occurrence of Pseudomorphous Pebbles of Pyrites at 
the Crown-Reef Mine (Witwatersrand).’* By Cuthbert Baring 
Horwood, A.R.S.M., Assoe.M.Inst.C.E., F.G.S. 


The following specimens, maps, etc., were exhibited :— 


Rock-specimens and fossils from the Lower Ordovician otf 
Scandinavia, exhibited by W. G. Fearnsides, M.A., F.G.S., in 
illustration of his paper. 

Specimens containing pseudomorphous pebbles of pyrites from 
the Crown-Reef Mine (Witwatersrand), exhibited by C. B. 
Horwood, A.R.S.M., Assoc.M.Inst.C.E., F.G.S., in illustration of 
his paper. 

A recent specimen of Beryx splendens, bought in the London 
Market, probably from the coast of Portugal, a near ally of the 
Cretaceous fishes now known as Hoplopteryee, exhibited by E. T. 
Newton, F.R.S., F.G.S. 

Geological Survey of England & Wales: l-inch map, ns. 
Sheet 311—Wellington (Drift) by W. A. E. Ussher (colour- 
printed), presented by the Director of H.M. Geological Survey. 

Geologic Atlas of the United States Geological Survey: 
Folios 136-140, 1906, presented by the Director of that Survey. 

Geological map, in two sheets, 1 inch=4 miles, 1906, from the 
Victoria History of the Counties of England: Devon, vol. 1, 
executed and presented by W. A. KE. Ussher. 


Royal Hungarian Geological Survey : 75.000 geological map— 


Krassova & Teregova, by L. Roth, F. Schafarzik, K. von Adda, & 
J, Bockh, 1903, presented by the Director of that Survey. 


* Withdrawn by permission of the Council. 
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March 13th, 1907. 
Aubrey Srrauan, Sce.D., F.R.S., Vice-President, in the Chair. 


Gerald de Purcell Cotter, B.A., Assistant-Superintendent of the 
Geological Survey of India, Calcutta; Arthur Dance, Mining 
Engineer, Pretoria (Transvaal); Felix Oswald, D.Sc., Ilona, Beeston 
(Nottingham); and William Henry Pickering, Chief Inspector of 
Mines in India, 5 Fancy Lane, Calcutta, were elected Fellows of 
the Society. 


The List of Donations to the Library was read. 


The following communications were read :— 


1. ‘A Silurian Inlier in the Eastern Mendips.’ By Prof. Sidney 
Hugh Reynolds, M.A., F.G.S, 


2. ‘On Changes of Physical Constants which take place in certain 
Minerals and igneous Rocks, on the Passage from the Crystalline 
to the Glassy State; with a short Note on Eutectic Mixtures.’ 
By James Archibald Douglas, B.A., F.G.S. 


The following specimens, maps, etc., were exhibited :— 


Rock-sections, specimens, photographs, and lantern-slides, ex- 
hibited by Prof. S. H. Reynolds, M.A., F.G.S., in illustration of his 
paper. 

Lantern-slides, exhibited, by J. A. Douglas, B.A., F.G.S., in 
illustration of his paper. 

Nineteen sheets of the 6-inch Geological-Survey map of the 
Derbyshire & Leicestershire Coalfields, surveyed by C. Fox- 
Strangways & W. W. Watts; seventy-four sheets of the 6-inch 
Geological-Survey map of the South-Wales Coalfield, surveyed by 
T. C. Cantrill, W. Gibson, A. Strahan, & R. H. Tiddeman, 1905; 
also 1-inch Geological-Survey map, n.s. Sheet 346, Newquay (Drift) 
by C. Reid, J. B. Scrivenor, & D. A. MacAlister; and Sheet 352, 
Falmouth (Drift) by J. B. Hill, E. KE. L. Dixon, & D. A. MacAlister, 
both sheets colour-printed, 1906, presented by the Director of H.M. 
Geological Survey. 

Geologische Karte des Grossherzogthums Hessen, sn Blatt 
Viernheim (Kiferthal) von W. Schottler, 1906, presented by the 
Director of the Grand Ducal Survey of Hesse. 
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March 27th, 1907. 


Sir Arcurpatp Gernis, 1).C.L., Sc.D., Sec.R.S., President, 
in the Chair. 


Richard George Muir Bathgate, Kendwadih, Kusunda P.O., 
E. I. R. (India) ; Harry Brian-Pearson, 19 Craven Road, Padding- 
ton, W.; Thomas Crosbee Cantrill, B.Sc. Lond., Geological Survey 
of England & Wales, 28 Jermyn Street, S.W.; Satis Chandra De, 
M.Inst.M.E., University of Birmingham; and Hugh Septimus 
Gordon, 9 St. Germans’ Place, Blackheath, S.E., were elected 
Fellows of the Society. 


The List of Donations to the Library was read. 


The following communications were read :— 


1. ‘On the Southern Origin attributed to the Northern Zone in 
the Savoy and Swiss Alps.’ By Prof. T. G. Bonney, Sc.D., LL.D., 
FACS. F.G:S: 


2. *The Coral-Rocks of Barbados.’ By Prof. John Burehmore 
Harrison, C.M.G., M.A., F.1.C., F.GS. 


The following specimens and maps were exhibited :— 


Specimens of corals, exhibited by Prof. J. B. Harrison, C.M.G., 
M.A., F.L.C., F.G.S., m illustration of his paper. 

Silicified wood bored by moliusca, from a well about 300 feet in 
the Upper Chalk at Martin, East Langdon, nortb-north-east of 
Dover (East Kent Waterworks), exhibited by W. Whitaker, B.A., 
ie: F.G:8. 

Eleven sheets of the 6-inch Geological-Survey map of Glamor- 
ganshire, by R. H. Tiddeman & A. Strahan, 1905, presented by 
the Director of H.M. Geological Survey. 

Geological-Survey Index-map (1 inch = 4 miles) of Scotland, 
Sheets 16 & 17, 1907, presented by the Director of H.M. Geological 
Survey. 

l-inch Geological-Survey map, Sheets 143 & 144, Limerick 
District (Drift) by G. W. Lamplugh, &c., 1907, presented by the 
Director of the Geological Survey of Ireland. 
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I. Inrropucrion. 


For some years past my attention has been directed to a study of 
the Upper Carboniferous rocks of Devon and Cornwall. The main 
object of enquiry has been to ascertain as much as possible of the 
fossil plant-remains, more especially with a view to determining 
the horizons to which they belong. | 

Some of the results attained have been already published.’ In 


1 Arber (04) (05') (057), and Rogers & Arber (04). These numerals in 
parentheses refer to the year of publication of the paper, to which full refer- 
ence will be found in the Bibliography, § VIII of this paper, p. 26. 
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the present communication an account is given of more recent and 
concluding observations. It has been thought well to add some 
brief reference to the main conclusions which have appeared else- 
where, in order to treat of the whole area under discussion in as 
connected a manner as possible. 

In a previous paper’ a description was given of the fossil plants 
obtained from the district around Bideford, the geology of which is 
well known and has been repeatedly described.* The present paper 
is, in the main, concerned with a much wider area. As the result 
of a close search for plant-remains in the Upper Carboniferous 
rocks lying to the south and west of Bideford, and extending into 
North Cornwall, other discoveries have been made incidental to the 
progress of the main line of enquiry. These, although strictly 
lying beyond my province, I have felt it my duty to record, 
if only imperfectly, since the district has not hitherto been 
examined. Thus, in addition to the plant-evidence, I have 
endeavoured to add some account of the physical characters of the 
beds, as well as of the invertebrate fossils which have been dis- 
covered incidentally. In so doing I make no pretence to an 
exhaustive study of these rocks, either from a petrological or 
from a paleontological standpoint. Much remains to be done 
which can only be successfully accomplished by specialists in 
these branches. 

The Upper Carboniferous rocks of Devon have been regarded 
as almost entirely barren. This conclusion is not, however, 
strictly accurate. Even in the district with which we are here 
more especially concerned, where fossils of any description are 
certainly scanty, their rarity is not so great as has been supposed. 
In the Bideford area plant-remains are fairly common, although of 
local distribution. The Bideford rocks were examined, first because 
the only carbonaceous material to be found in the Upper Carboni- 
ferous sequence in Devon—the impure, smutty coal, known locally 
as ‘culm ’—is there developed; and experience has shown that, 
with very rare exceptions, it is only bordering on such deposits that 
plant-remains can be obtained in a state of preservation sufficiently 
perfect to admit of determination. 

It was afterwards thought desirable to extend the search for 
plant-remains to higher beds, occupying roughly the central portion 
of the basin, and cropping out on the coast, both to the east and 
to the south of Hartland Point. Owing to the fact that inland, 
artificial sections in this sparsely-populated district are few, and 
that such as exist are quite inadequate as a collecting-ground for 
fossil plants, I naturally turned my attention to the magnificent and 
continuous natural section of the coast-line. The field-work thus 
resolved itself into a detailed examination of the cliffs forming the 
western boundary of the Upper Carboniferous rocks in West Devon 
and North Cornwall. 


1 Arber (04). . 
? Sedgwick & Murchison (40), De la Beche (39), and Ussher (92). 
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The rocks between Westward Ho! and Clovelly, and those 
around Bude,’ have been described, but apparently the greater 
portion of this section remains virgin ground for the geologist. 
The coast-line of West Devon and North Cornwall is remark- 
able, not only for the wild and rugged nature of its scenery, 
but as presenting probably the longest and finest natural section 
of Upper Carboniferous rocks to be met with in this country. 
From Westward Ho! to Hartland Point, and far to the southward, 
to within a few miles of Boscastle, a distance of roughly 50 miles 
or more by the coast, the cliffs range from 50 to 500 feet in height, 
with an average height of between 200 and 300 feet. Further, this 
section, except at Wide-Mouth Bay to the south of Bude, is practi- 
cally continuous; and the shore-line is, as a rule, very difficult of 
access, especially in the wilder regions to the south and east of 
Hartland Point. Unlike some other portions of the Devon and 
Cornish coasts, where the sea washes the cliffs continuously, there 
is usually, in the district occupied by Carboniferous rocks, a beach 
or strand in the numerous bays, and often a great accumulation of 
the débris of marine erosion on the flanks of the promontories. 
Most of the points can be passed between tide-marks at favourable 
states of the tide, although severe scrambling is often necessary. 
One of the chief difficulties experienced in exploring this coast- 
line is due to the fact that means of access to the shore, known 
in Devon as ‘ Mouths,’ are few and far between, and the time 
available for a traverse of the shore-line between them is greatly 
limited by the tides. However, with comparatively few exceptions, 
practically the whole of the coast-line occupied by Upper Carboni- 
ferous rocks has been examined, and in certain instances important 
sections have been repeatedly visited. 


Before passing to a more detailed description of these beds and 
their fossils, I wish to express my thanks to many friends, who, in 
different ways, have helped forward this work. 

To Mr. Inkermann Rogers, of Bideford, I am under very great 
obligations, not only for the energy and patience with which he has 
collected the fossils of the Bideford district for some years, but also 
for accompanying me, often at personal inconvenience, on several 
lengthy expeditions to the remoter regions of the western coast- 
line. Much of what is now known of the Upper Carboniferous 
flora and fauna of Devon and Cornwall is due to the success of his 
prolonged efforts to obtain satisfactory specimens, in a region where 
the results of collecting are for the most part highly discouraging. 
I am also specially indebted to him for assistance in many minor, 
local matters, and for the kind way in which he has always placed 
his services at my disposal. 

I would also express my thanks to Mr. D. G. Lillie, of St. John’s 
College, Cambridge, who has rendered me great assistance in the 


* Conybeare (14), Sedgwick & Murchison (40), De la Beche (39), Ussher (92). 
2 McMahon (90). 
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field on several expeditions, and has most energetically contributed 
to the information contained in this paper. My hearty thanks 
are due to Mr. E. Vidal, of Fremington, for the constant interest 
that he has taken in the progress of the work, and for valuable 
local information. To others, also resident in Devon, including 
Mr. J. G. Hamling, F.G.S., I am under obligations for information 
and other help. The cost of exploring the more remote regicns, 
especially on the borderland between Devon and Cornwall, was 
defrayed by a grant from the Royal Society Government-Grant 
Committee, and for this aid I would here acknowledge my great 
obligations. 

I am indebted to my friend Mr. R. Kidston, F.R.S., for assist- 
ance in the determination of some of the fragmentary plant-remains, 
and to him J would return my sincere thanks. Dr. Wheelton Hind, 
F.G.S., has rendered me great service by naming many specimens 
of the Devonshire fauna. Finally, to Mr. J. A. Howe, F.G.S., I am 
greatly indebted for an examination of certain calcareous rocks 
described here. 


Il. Tue LirHotoeicaL ann Puysicat CHARACTERS OF THE Rocks. 


It was shown by Sedgwick & Murchison‘ that the Carboni- 
ferous rocks of Devon, North Cornwall, and West Somerset 
occupy a great synclinal fold. This basin is somewhat rect- 
angular in form. ‘The northern margin, stretching from the 
estuary of the Torridge and Taw, through Barnstaple, to the neigh- 
bourhood of Bampton and Ashbrittle, is bounded by the Upper 
Devonian beds of North Devon and Somerset. On the east, 
the Trias overlies them unconformably. No doubt the Triassic 
rocks once covered the whole, or nearly the whole, of the basin, and 
have since been largely denuded. A long tongue of Trias still 
stretches westward, to the north of Exeter, through Crediton as 
far as Hatherleigh, and outliers are found on the coast at Portledge, 
and elsewhere in the basin. The southern margin of the Carboni- 
ferous rocks, ranging from near Boscastle on the coast as far as 
Exeter, is bounded in part by Devonian rocks, and in part by the 
granitic intrusion of Dartmoor. The Carboniferous deposits crop out 
against the northern margin of Dartmoor, and are also found on its 
flanks, as Godwin-Austen” pointed out many years ago. The entire 
western limit is washed by the sea, and a large portion of the basin 
has been removed by marine denudation, the effects of which are 
especially evident in Bideford and Bude Bays. It is with the 
western boundary of the Upper Carboniferous rocks that we are 
here chiefly concerned. 

Although the Carboniferous rocks throughout the basin are 
almost everywhere highly folded, faulted, and contorted, the broad 
features of the district are fairly regular and easily traced. The 


® Sedgewick & Minceee (40). 
2 Austen (42) p. 408. 
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lower beds occur along the northern and southern margins, while 
the highest beds now remaining probably occupy a more or less 
central position, and are exposed on the coast-line especially to the 
south of Hartland Point. 

The general easterly and westerly strike of ihe rocks is well 
seen in the disposition of the beds of coal or ‘ culm-bands’ in the 
neighbourhood of Bideford.’ 

The rocks included within this basin are partly of Lower, and 
partly of Upper Carboniferous age. The Lower Carboniferous 
sequence and fauna are of great interest, and have recently attracted 
considerable attention.” We are not, however, concerned here with 
these beds, except to remark that they form, as Sedgwick & 
Murchison * pointed out, less than one-tenth of the whole Carboni- 
ferous area, the great bulk of which, as I have endeavoured to show 
in a previous paper,* is occupied by rocks of Upper Carboniferous 
age. 

The Upper Carboniferous sediments consist essentially of fine- 
grained sandstones and alternating shales. I have been unable to 
distinguish clearly more than one lithological type, which occurs 
throughout the whole area as exhibited in the coast-section,’. 
although local but impersistent variations may be found here and 
there. Sometimes thin beds of sandstones and shales alternate, 
fairly regularly. Here the sandstones predominate, there the 
shales. Or thick beds of both sandstone and shale may occur in 
the midst of thinner beds. Such changes are of frequent occurrence.” 
I therefore regard the whole of the Upper Carboniferous sequence 
in West Devon and North Cornwall as forming one division litho- 
logically, as I believe it does paleeontologically. 

These rocks are commonly spoken of as the Culm Measures, 
a term first introduced by Sedgwick & Murchison” in 1837, but 
which, as I have endeavoured to show elsewhere,° is of doubtful 
advantage, in view of the fact that the German and Austrian Culm 
is entirely of Lower Carboniferous age. The Carboniferous rocks 
of Devon are divisible into two primary series, which are best 
described as the Lower and Upper Carboniferous Series. 
This view is opposed to that held by a great authority on the Devon 
rocks, Mr. Ussher. He subdivides the Upper Carboniferous beds, 
as developed in Devon, into two series—the Upper and Middle 
Culm Measures, and distinguishes between these two horizons on 
lithological grounds, as follows ° :— 


1 These are accurately shown on the Geological Survey map of De la Beche. 
2 Hinde & Fox (95) and Wheelton Hind (04). 
* Sedgwick & Murchison (40) p. 677. 
_ * Arber (04). 
> See also Sedgwick & Murchison (40) p. 679, and De la Beche (39) p. 123. 
§ De la Beche (39), p. 124, arrived at the same conclusion with regard to the 
irregular stratification of the sandstones and shales. 
_7 Sedgwick & Murchison (37) p. 557. 
: per (04) p 
9 Ussher (01) p. ae & pl. xvi (map). 
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Uren Hard, rather thick, evenly-bedded 
Cumm Mrasurss, ) 8gesford Grits. grey grits, with shales and slaty 
eds. 

( Thickly & thinly-bedded, greenish- 
grey and reddish, much jointed 
sandstones, associated with ovoid- 
ally-splitting shales. 

| Rather thick, grey shales, with hard, 
MIppLE : fine, coarse, and locally-conglo- 
Curm Mrasvrrs. 1 | meratic sandstones, irregular in 
: | association. 
€ Interbedded, hard, thin, brown- 
Exeter Type. weathered grits and splintery or 
broken grey shales (probably a 
L | local type). 


I have recognized both the Eggesford and the Morchard types in 
various localities ; but I believe them to be simply local variations, 
and not definite lithological facies constant over wide areas, thus 
clearly distinguishing a higher from a lower horizon. 

This conclusion is also in accordance with De la Beche’s! obser- 
vations. He remarks that 


Tiverton and Mor- | 
chard Types, and 4 
Ugbrooke Types. |} 


‘notwithstanding the size of the area in which they are comprised, the uni- 
formity of the larger part of the carbonaceous rocks, viewed generaily, is one 
of the most remarkable circumstances connected with them, and from which 
we may infer considerable uniformity in the general conditions under which 
_ their constituent mud, silt, sands, and vegetable remains have been accumulated.’ 


I have not observed any typical grits or slates among these Upper 
Carboniferous rocks, although others speak of such as occurring. 
The sandstones appear, so far as superficial observation is concerned, 
to be generally of a fine texture. McMahon? came to the same 
conclusion from a study of the rocks near Bude. He speaks of 
them as being ‘ very fine-grained rocks,’ and adds that 


‘some are distinctly arenaceous, and may be called fine-grained earthy sand- 
stones; but they pass gradually into argillaceous shales.’ 


Numerous quartz-veins are often conspicuous in the sandstones, 
as was already noticed by Sedgwick & Murchison.* They appear, 
however, to be much more frequent in the rocks to the south of 
Hartland Point, and in Cornwall. 

The shales met with in different parts of the coast-line vary con- 
siderably in their petrological and physical characters. One may 
distinguish several impersistent types, of which the black splintery 
and the ovoidally-splitting shales are among the more abundant. 
IT have not seen any rocks that show signs of true cleavage, and 
McMahon * also apparently failed to discover any true slates. 

As is well known, the Upper Carboniferous rocks are highly 
tilted and folded, and often bent or contorted. Faulting is very 
common, and is clearly seen in the coast-section, where overthrust- 
planes are also much in evidence in several localities. Gentle 


1 De la Beche (89) p. 128. 

? McMahon (90) pp. 180-109 ; see also Sedgwick & Murchison (40) p. 677. 
3 Sedgwick & Murchison (40) p. 678. 

McMahon (90) p. 109; see also Sedgwick & Murchison (40) p. 679, 
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folds are rare, while sharp folds. predominate. In some cases the 
anticlines are perfectly regular, and well preserved, though usually 
faulted through the crest, but with a small downthrow of a few 
feet or less. 

One of the best-preserved anticlines is that occurring at Tut 
Hole in Cockington Cliff, rather more than 2 miles south of 
Westward Ho! A rough sketch of this fold, which was described 
as a ‘hut-like contortion near Cockington Head, Bideford Bay,’ 
was figured by De la Beche* in 1839. At present the anticline 
measures 50 feet in height, 70 feet across the base, but it is to 
some extent crumbling away above. The rocks consist of alterna- 
tions of sandstones and shales, occurring in an area in which shale- 
beds for the most part prevail. 1am indebted to Mr. Rogers for 
carefully measuring the dimensions of the fold. 

Other anticlines on an even larger scale, and almost equally 
regular, if not quite so well-preserved, are to be found along the 
coast, especially to the south of Hartland Point. McMahon? has 
well described those occurring near Bude. 

In some parts of the coast-section, sigmoidal and overthrust- 
folds are extremely conspicuous in the cliffs. The contortions may 
be so numerous as to be evident in a hand-specimen. Not only 
can every stage in the formation of these complicated folds be 
traced, but the rocks concerned show abundant evidence both of 
crumpling and of compression and crushing. Contorted rocks are 
especially conspicuous at Dyer’s Lookout, near Blackpool Mill, to 
the north of Hartland Quay, and also at Broadbench Cove, rather 
more than a mile to the north of Welcombe Mouth, near the border- 
land of Devon and Cornwall. McMahon has described some of 
those occurring in the neighbourhood of Bude, and has given a 
sketch of the contortions at Efford Ditch, to the south of that town. 
Fig. 1 (p. 8) shows the contorted shales and sandstones exposed 
in the sea-cliff north of Broadbench Cove. For this photograph I 
am indebted to Mr. W. H. Friendship, of Bideford. It was taken, 
with the assistance of Mr. I. Rogers, under great difficulties. 

The rocks in this district may probably be regarded as typical of 
the Upper Carboniferous Series of Devon and Cornwall. McMahor. 
has studied the petrology of the rocks around Bude, and has given 
a chemical analysis of one specimen. It may be of interest to 
recall that he paid special attention to those beds which had under- 
gone the greatest amount of crumpling, compression, and crushing, 
to ascertain whether any mineralogical changes had taken place. 
The conclusion at which he arrived was that. they are practically 
unaltered. He regarded these deposits as derived, not from the 
weathering of a pre-existing tract of sedimentary rocks, but ‘ from 
the waste of a crystalline area,’ the materials of which ‘ appear 
to have been deposited in tranquil water undisturbed by strong 
currents.’ * 


1 De la Beche (39) p. 123. 2 McMahon (90) p. 106. __ 
° McMahon (90) p. 106 & text-fig.on p. 107. + McMahon (90) pp. 112, 113. 


8 MR. E. A. NEWELL ARBER ON THE UPPER (Feb. 1907, 


Before passing on to describe the carbonaceous and calcareous 
rocks, I may point out that this coast-line offers a promising field 
for the study of certain problems of physical geology. In addition to 
the influence of earth-movements, so well seen in these beds, the 
coast-section affords excellent ground for a detailed examination 
of the effects of marine denudation on highly folded and contorted 
strata." There are also a number of waterfalls along the cliffs, 


Fig. 1.—Contorted shales and sandstones in the sea-cliff at Broadbench 
Cove, north of Welcombe Mouth (North Devon). 


both in Devon and in Cornwall, sometimes of quite considerable 
height and size, which are especially interesting in relation to the 
dip, the strike, and the folding of the strata, and also to the 
‘Mouths’ or places where access, natural or artificial, can be gained 
to the shore. Such would probably repay a close examination. 


Ill. Tue Carzponaceous Rocks. 


These occur in only one district in the whole of the Upper 
Carboniferous area in Devon and Cornwall. A number of incon- 
stant bands of ‘ culm ’—the old Devon name for the impure, smutty 
coal of the neighbourhood of Bideford—are found in the north of 
the county, stretching from the coast at Greenacliff through Bide- 
ford, for a distance of some 123 miles eastward, to Hawkridge Wood, 
near Chittlehampton. The disposition of these culm-bands is shown 


* See De la Beche (39) chap. xiv, p. 435. 
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on De la Beche’s map of this part of Devon. They have been 
repeatedly described, notably by Sedgwick & Murchison,’ De la 
Beche,? Townshend Hall,? and others; and I have nothing material 
to add to what has already been said on this subject. An account 
of the fossil flora associated with the Bideford culm-bands has 
already appeared elsewhere.‘ 

Attention may, however, be called to the fact that there is no 
indication that such culm-bands exist on the southern side of the 
basin. One would rather expect to find them near Bude in Cornwall, 
or to the south of that place, occupying a similar position on this 
side of the main syncline to those of the Bideford district in the north. 
A close examination of the coast-line has not led to the discovery of 
any such deposits, and there is no reason to believe that carbonaceous 
beds, whether of sufficient thickness to be of economic importance 
or not, are to be found in West Devon or North Cornwall, other 
than in the Bideford district. In this conclusion, the provisional 
statement made by De la Beche,’ in 1839, to the same effect, is 
confirmed. 

It would appear, however, that some of the dark splintery shale- 
deposits, especially when weathered, may have been mistaken for beds 
of culm. No doubt this error is at the base of the local tradition 
that culm occurs, and has been worked, in the neighbourhood of 
Hartland, at a spot near a road still known locally as Coal pit 
Lane. The results of a special enquiry into the matter, however, 
have tended to show that no culm exists, nor any trace of culm- 
workings, similar to those still to be found along the strike of the 
culm-bands in the Bideford district. Nor can any culm be found in 
the coast-section, not far distant from this spot. Possibly these rocks 
may once have been worked, to some small extent, under the belief 
that they were of a nature similar to those near Bideford, whereas, 
in reality, they consist of weathered black shales. I am especially 
indebted to Mr. Rogers for investigating the facts of the matter, 
to which my attention had been repeatedly called by residents in 
Devon. 

As I have already pointed out elsewhere,’ it is in the general 
absence of carbonaceous deposits that the greatest contrast is to 
be found between the Upper Carboniferous Series of Devon and 
the Coal Measures of other British areas. So far as the sand- 
stones and shales are concerned, there is a general lithological 
resemblance, which is confirmed by the discovery of numerous 
marine beds, to be discussed ati a later stage in this paper. 

A study of the state of preservation of the plant-remains found 
in the higher beds of the trough may perhaps throw some light on 
the question why this district is so generally barren of carbonaceous 
deposits. This barrenness is probably not due to any lack of 


1 Sedgwick & Murchison (40). 

? De la Beche (39) pp. 124 & 513. 

3 Hall (75). * Arber (04). 
> De la Beche (89) pp. 102 & 515. 

§ Arber (04). 
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material of vegetable origin. On the contrary, plant-impressions 
are abundant throughout, although extremely fragmentary, and 
badly preserved.’ There is little indication that their fragmentary 
nature and decayed aspect are in any way due to the effects of the 
folding and contortion which these rocks have undergone. The 
most intelligible explanation appears to me to be that the material, 
drifted from a neighbouring land-area, was deposited in a region sub- 
ject to the action of strong currents. Inthe sandstones themselves, 
current-markings are extremely frequent. The whole aspect of the 
plant-remains is explained by the supposition that the vegetable 
material was repeatedly tossed about and broken up by currents. 
Such conditions also explain the decayed appearance of the fossils, 
due to prolonged immersion before they became covered up in the 
mud or sands of the estuary. The same currents would also tend 
to sweep away and scatter far and wide any accumulation of 
material, which if deposited in quieter waters might ultimately 
have formed coal-seams. In the Bideford district only, the con- 
ditions of deposition, for some reason or other, appear to have 
been comparatively free from the disquieting influences of such 
currents, and thus favourable for a sufficient accumulation of 
material to form a coal-seam. The better preservation, and more 
complete nature of the plant-remains in this district, supports 
this conclusion, which, however, is opposed to that arrived at by 
McMahon ° (see p. 7) from a study of the petrology of the Cornish 
rocks. 


TY. Tue Catcareots Rocks. 


As the result of a close examination of the Upper Carboniferous 
rocks of Devon and Cornwall, it has been found that calcareous 
deposits, partly of marine and partly of freshwater origin, are much 
more abundant than had been previously supposed. It is true that 
Vancouver in 1808, and Sedgwick & Murchison in 1840, men- 
tioned the fact that such beds are here and there associated with 
the sandstones and shales; but, at a later period, it appears to have 
been imagined that they probably belonged to some portion of the 
Lower Carboniferous Series, in which limestones have been long 
known to occur. At least, in 1885, we find Pengelly,* one of the 
foremost of Devon geologists, positively asserting that such rocks 
are unknown in the higher Carboniferous sediments of the Hartland 
and Clovelly district. Both in Devon and Cornwall, however, not 
only are concretionary beds, composed of calcareous nodules em- 
bedded in shales, far from rare; but well marked, if impersistent 
and inconstant, bands of impure limestone are also present. 


1 Sedgwick & Murchison (40) p. 678. 
2? McMahon (90) pp. 112, 113. 
3 Pengelly (85) pp. 425-26. 
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(a) The Impure Limestone-Bands. 


Vancouver,' in his ‘ Agriculture of the County of Devon,’ pub- 
lished in 1808, mentions the occurrence of these limestones in a 
number of localities, some of which, such as Chittlehampton, 
Bishop’s Nympton, King’s Nympton, and Romansleigh, etc., are 
situated on Upper Carboniferous rocks. He states that the lime- 
stones have been worked in certain of these places. 

Sedgwick & Murchison? remark that 


‘among the accidental beds we may also notice calcareous shale passing into 
thin, impure bands of limestone, of which we saw an example near Hather- 
leigh.’ [Also that] ‘similar thin impure beds of limestone are found in several 
other places in the upper culm-measures.’ 


These localities all lie considerably to the east of the district 
described here, and I have not visited any of them. It seems, 
however, clear that the occasional occurrence of thin limestone- 
bands in the Upper Carboniferous rocks of North Devon was 
known before 1808, although this fact appears to have been lost 
sight of in more recent times. 

In a short note, published in 1904,? I announced the discovery, 
by Mr. Rogers, of a well-marked limestone-band, exposed in a 
sharp anticlinal fold, to be seen in the coast-section a short distance 
(about 300 yards) east of Mouthmill and Blackchurch Rock, and 
between 13 and 2 miles along the coast north-west of Clovelly. 
This band may be spoken of as the Mouthmill Limestone. It 
overlies a thick shale-bed containing a very large number of calcareous 
nodules of all sizes, especially in the upper layers where it adjoins 
the limestone. ‘The limestone on the north side varies from 9 to 20 
inches in thickness. On the south side of the anticline, it is imper- 
sistent, and soon disappears altogether. Sections of the limestone 
were kindly examined for me by Mr. J. A. Howe, F.G.S., who 
pronounced the rock to be an impure limestone. The limestone, as 
well as the nodules in the shale-bed below, contains numerous 
goniatites, in the form of casts often filled with calcite, as well as 
other fossils (p. 24).. The origin of the limestone appears to be 
similar to that of the calcareous nodules ; but, the lime being more 
abundant in the first case, a definite band has been formed. 

Although the Mouthmill Limestone remains the best example of 
a limestone that I have seen fromthe Upper Carboniferous sequence 
of Devon, other but highly-impure bands have been subsequently 
discovered, and probably such rocks are not infrequent throughout 
the extent of these beds. In July 1904, Mr. Rogers, while re- 
examining the coast-section of Cornborough Cliffs eimcon West- 
ward Ho! and Greenacliff in North Devon, recognized a number of 
lenticular bands of impure limestone. More than twenty have 
since been identified. The lenticular form of these beds is very 


1 Vancouver (1808) pp. 57-63. 
2 Sedgwick & Murchison (40) p. 678; and footnote on pp, 678-79. 
% Rogers & Arber (04), 
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well seen in the cliffs, their entire length often not exceeding 
5 feet, while some are not more than 2 feet long. They vary 
from 4 to 10 or 12 inches at their greatest width, and thin out to less 
than an inch at eitherend. The light-fawn colour of the weathered 
surface of the bands when dry, and their deeper, brown colour when 
wet, renders them conspicuous against the dark shales prevailing 
in this region. 

Search has been made for similar lenticular bands farther west- 
ward, in the direction of Clovelly, but they have not been observed 
so far. One was recognized in Cornwall, however, on the north 
side of Lower Sharpnose Point, some miles to the north of Bude. 
The bed in question varied from 21 to 24 inches in thickness, and 
the weathered surface closely resembled that of the bands occurring 
near Westward Ho! 

A calcareous spring was also observed about 2 miles south of 
Bude, and north of Phillip’s Strand. It issues from the face of the 
cliff, some 15 to 20 feet above the shore-line, and deposits masses 
of tufa, several inches thick. Obviously, calcareous rocks, although 
not observed in the coast-section, must occur not far distant from 
this spot. McMahon,” however, failed to find any evidence of such 
rocks near Bude. 

The composition of these rocks varies considerably, as to the 
amount of lime present; but in all the cases tested they were 
found to effervesce briskly with an acid. Mr. Howe has very 
kindly made a preliminary examination of several specimens for me. 

An example of one of the many bands in the Cornborough 
Cliffs was pronounced to be an impure limestone. Mr. Howe says 
that, in section, it appears as a very fine-grained, brownish, opaque 
rock with a microscopic mottling due to incipient crystallization of 
a yellow-stained carbonate. Minute fragments of vegetable tissue, 
pyrites-specks, and quartz- grains are also present. 

Another, from a thick band in an anticline in the Abbotsham 
Cliffs, is described as a fine-grained, even-textured sandstone with 
a muddy calcareous cement. 

A specimen, typical of one of the smaller bands, is defined as a 
sandy, caleareous mudstone, in which the sand-grains are exceed- 
ingly fine but fairly abundant, and the calcareous cement subordinate 
and local. Parts of the rock do not effervesce with acid. Another, 
from Abbotsham Cliff, is a fine-grained, muddy, and calcareous 
sandstone, similar to the last but rather coarser, and more sandy. 
Fragments of plant-impressions occur in it. The last specimen, 
also from Abbotsham Cliff, is termed by Mr. Howe a muddy 
limestone. ; 

The only fossils that have been found in these limestone-bands 
are fairly well-preserved pith-casts of Calamites Suckowi, Brongn., 
and fragments of fronds of Alethopteris lonchitica (Schl.), of which 
several examples have been collected. No goniatites have ever 
been obtained from them. The original rocks, now converted into 


1 McMahon (90) p. 109. 
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impure limestones, were probably deposited in shallow water, and 
thus differ, as to the conditions of deposition, from the more marine 
type of goniatite-bearing limestone at Mouthmill, described above. 


(6) The Caleareous Nodules and their Fauna. 


In a previous note, Mr. Rogers and I’ called attention to the 
occurrence of calcareous nodules in the Upper Carboniferous beds of 
Devon, containing a marine fauna similar to that which has been 
found to occur elsewhere in the Coal Measures of Britain.” Since 
the appearance of that paper, the distribution of these nodule-beds 
has proved to be even more extensive than we were aware of at 
that time. 

Nodular beds in the Upper Carboniferous rocks of Devon have 
been briefly noticed by Sedgwick & Murchison, De la Beche, 
Townshend Hall, and Ussher, but none of these observers were 
apparently aware of their calcareous nature. De la Beche,” 
speaking of the Culm-beds of the Bideford district, states that 
‘nodules of argillaceous ironstone are often found in the same localities with 
the shale and anthracite, reminding us of the intermixture of iron-ores and 
vegetable matter in the bogs and morasses of the present day.’ [Further, he 
speaks of] ‘the shale with vegetable compressions and ironstone-nodules on Ene 
north side of Cockington Head.’ 


Sedgewick & Murchison * also noticed that 
‘nodules of clay-ironstone are occasionally associated with the hard beds of 


sandstone; and sometimes they occur in beds, or rows, subordinate to the 
shaly bands.’ 


- Townshend Hall,’? in 1876, described nodules from Instow in 
North Devon, containing fish-remains and goniatites. In 1892 
Mr. Ussher mentioned the occurrence of conglomeratic and con- 
cretionary beds® in his detailed description of the coast-section of 
the Bideford district. 

The nodular beds occurring in Devon, as in other Carboniferous 
tracts, are greatly varied. Some nodules are soft, pure sandstone- 
nodules, with a fair amount of iron, sometimes of a rusty-brown 
colour when weathered. Others are hard shale-nodules, sometimes 
also apparently containing a certain percentage of iron. But I 
have never seen any specimen from Devon or Cornwall that at all 
resembles the true clay-ironstone nodules, so common in the 
Midland and Northern coalfields of England, in which well- 
preserved plant-remains frequently occur. J am inclined to think 
that the ‘argillaceous ironstone’ of De la Beche and the ‘ clay- 
ironstones’ of Sedgwick & Murchison mentioned above’ are 

1 Rogers & Arber (04). 

2 Stobbs & Hind (05) ; also Stobbs (06). 

3 De la Beche (39) p. 125. 

4 Sedgwick & Murchison (40) p. 678. 

> Hall (76). 

6 Ussher (92) pp. 148, 149, & 153. 

7 Greenough, on his Geological Map of England, published in 1819, notices. 

‘ elay-ironstone’ near Clovelly. Probably these nodules were really calcareous, 
like those which I have obtained at that locality. 
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probably identical with the concretionary structures described here 
as calcareous nodules, which, both in their composition and in their 
included fossils, differ entirely from true clay-ironstone nodules, and 
agree remarkably with the nodular concretions of marine origin 
found in North Staffordshire, Yorkshire, and Lancashire. 

The calcareous nodules found in Devon and Cornwall nearly 
always occur in thin beds of shale, which are 2 to 3 feet thick, or more 
rarely of greater extent. The nodules vary much in shape and size. 
The smaller tend to be somewhat globular, the larger are more 
oval or biconvex in shape. A small nodule may be only 2 inches 
along its greatest diameter, while a larger one may exceed a foot 
in length: a length of about 6 inches being an average size. The 
weathered surface is often somewhat iron-stained, and tends to 
flake off. They are of a compact texture, hard to the hammer, and 
break irregularly. They usually effervesce freely on the application 
of dilute acid. Other nodules, however, also occur which are 
apparently not calcareous, although closely similar to those under 
‘discussion. 

The calcareous nodules commonly contain a marine fauna. Casts 
of goniatites are common, the cast being often filled with calcite. 
Impressions of lamellibranchs are not infrequent, and, like the 
goniatites, are irregularly distributed in the nodule. An account 
of this fauna will be given at a later stage in this paper (p. 23). 
Obscure plant-fragments are occasionally associated. 

Mr. Howe has kindly examined one or two typical nodules for 
me. An example from the north side of Lower Sharpnose Point 
in Cornwall, is a fine-grained, muddy sandstone, with a little mica : 
there being enough calcareous cement to cause mild effervescence. 
Another, also obtained in sttu on the west side of Clovelly Harbour, 
is asilicified mudstone: it might be called an impure chert. There 
is a certain amount of calcareous cement, but not much, and the 
rock scratches glass. A third nodule, containing indications of 
goniatites, found under Gallantry Bower, north-west of Clovelly, 
proves to be scarcely calcareous at all, but is probably a decomposed 
example of a rock like that from Clovelly Harbour. 

It would appear that most of the Upper Carboniferous rocks in 
Devon and Cornwall contain a little calcite. McMahon! found 
evidence of this mineral in the beds near Bude, and states that 
veins occur in these rocks stopped with calcite. Probably the 
amount varies locally, and, where more abundant, the mineral 
appears to be aggregated into nodular forms or into Jenticular bands. 
The impression left by a detailed examination of the Devon and 
Cornish coast-line, without however any special petrological study 
of the beds, is that transitions may probably be found from beds 
containing little or no calcite to concretionary beds of calcareous 
nodules, and even to thin, inconstant, and impure limestone- 
bands.? 


1 McMahon (90) p. 109. 
2 Compare the characters of the Pendleside Limestones, Hind & Howe (01) 


-p. 395, &e. 
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I may now give some account of the distribution of these 
concretionary beds in the Upper Carboniferous rocks of Devon and 
Cornwall; commencing in North Devon, and passing westward and 
southward into Cornwall. 

In 1876 the late Townshend Hall? described the occurrence of 
nodular beds, containing goniatites and lamellibranchs, at Instow, 
some 3 miles to the Garth of Bideford, and at the same time 
announced the discovery by Mr. W. Porter, of Pilton, of a specimen 
of Celacanthus elegans (Newb.) from the same beds. At a later 
period, another fish, Hlonichthys Artkenz, Traq., was found in this 
locality. These specimens, all of which are now in the British 

Museum (Natural History), remained the only fossils known from 
the Upper Carboniferous of North Devon, with the exception of 
plant-remains, until the beginning of the present enquiry in 1903. 

The Instow beds have been again examined on several occasions. 
They lie almost in a direct line with the mouth of the estuary of 
the Torridge and Taw, rather less than a mile distant, along the right 
bank of the former river, from Instow Station. The nodule-beds are 
uncovered oniy near low water, and at present are much obscured 
by sand and seaweed. The nodules, although usually washed out 
by the scour of the tidal river, no doubt occur in definite beds of 
shale, as in other districts. They are found on either side of a low 
and much denuded anticline. Nodules containing Gr'astrioceras 
carbonarium (von Buch), Dimorphoceras Gilbertsonz (Phill.), and 
Pterinopecten papyraceus (Sow.), may still be obtained in the 
neighbourhood of this fold, but fish-nodules are now very rare, and 
probably were always scarce. Mr. Rogers, however, has had 
the good fortune to discover a fine and almost perfect specimen of 
Celacanthus elegans (Newb.) in excellent preservation, of which 
there are only two other examples known from Devon. The fish- 
nodules are tougher and more compact in texture than the ordinary 
calcareous nodules, although they contain enough lime to effervesce 
freely with acid. The only plant-remains found at Instow are 
imperfect fragments occurring in some of the shell-nodules, chiefly 
obscure Calamite-casts. 

Calcareous nodules have also been found in Hubbastone Quarry 
and at Appledore,? on the opposite side of the river Torridge. 
Mr. Ussher * has already noticed the concretionary beds at the last- 
named locality, and also along the coast-line towards Clovelly. 
On the other hand, I have not observed any calcareous nodules 
closely associated with the culm-bands of the Bideford district, 
although De la Beche* speaks of nodules of argillaceous ironstone as 
occurring with the so-called ‘ anthracite’ (see p. 13). The nearest 
concretionary beds to the culm-bands, with which I am acquainted, 
are those at Cockington Head near the anticline described on p. 7, 
which lies nearly a mile to the southward. Two beds of nodules, 


1 Hall (76). 

2 The names of localities mentioned here are all shown on the 6-inch 
Ordnance Survey maps of Devon & Cornwall. 

> Ussher (92) pp. 148-53. De la Beche (39) p. 125. 
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without goniatites, are found on the west side of Cockington Head, 
which are probably those noticed by De la Beche,’ and termed 
‘ironstone-nodules.’ On the south side of Cockington Head and 
Tut Hole, a bed of shale 2 to 3 feet thick occurs, with large nodules 
containing Gastrioceras and Dimorphoceras, as well as_plant- 
petrifactions. 

Goniatite-nodules have also been observed at several places 
between Cockington Head and Clovelly. They occur immediately 
north of the stream at Babbacombe Mouth, and here and there 
between Babbacombe and Portledge Mouths. Two beds are also 
to be found immediately on the roe side of Clovelly Harbour. 

Farther westward, nodules occur at the base of a thick bed of 
shales on the south-east side of Gallantry Bower. They are also 
again seen before reaching the Mouthmill-Limestone anticline, and 
are abundant in the thick shales immediately below the limestone- 
band (see p. 11). 

Still farther west towards Hartland Point, similar nodules have 
been observed in Beckland Cliff, on the west side of Windbury 
Point. In the Hartland district they are quite abundant. They 
have been found in Coalpit Lane, and in Hescott Quarry east of 
Hartland village; and on the coast, south of Hartland Point, 
several beds are recorded by Mr. Rogers from Blagdon Cliff, 
Upright Cliff, Blegberry Cliff, on the south side of Damehole Point, 
and in Warren Cliff near Hartland Quay. 

Between Hartland Quay and Marsland Mouth, the latter being 
the boundary between Devon and Cornwall, nodules occur at 
Sandhole Beach, about half-a-mile north of Nabor Point. and at 
Gull Rock Beach on the south side of the same Point. On the 
south side of Broadbench Cove, still farther towards Welcombe 
and Marsland Mouths, a well-marked band of large goniatite- 
bearing nodules was found. 

The next locality to be mentioned is north of Shag Rock, near 
Knap Head, where large nodules were also obtained. Along 
the Cornish coast-section, similar beds were observed on the north 
side of Lower Sharpnose Point, and near Sandy Mouth, both to the 
north of Bude. The farthest point southward, at which these 
concretionary rocks have been found, is on the south side of 
Cambeak, near Trevigne, some 4+ miles to the north of Boscastle. 
High Cliff probably stands somewhere near the southern boundary 
of the Upper Carboniferous rocks in West Cornwall. The beds 
developed in the bay north of High Cliff, and well seen in the 
large landslip by which the road passes to the beach, are typical 
of the Upper Carboniferous Series of Devon and Cornwall, and 
contain goniatite-bearing nodules. 

These calcareous beds are thus widely distributed, and of 
common occurrence, throughout the whole of the Upper Carboni- 
ferous sequence in both Devon and Cornwall. They commonly 
contain a marine fauna, especially goniatites, which will be further 
noticed at a later stage in this paper. 


1 De la Beche (39) p. 125. 
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VY. Tue Fossit Frora AND THE Horizon oF THE Bens, 


As already stated, the chief object of this enquiry was to discover 
the horizon of the highest beds of the Upper Carboniferous Series 
as developed in Devon and Cornwall, by an examination of the 
fossil plants which they contain. It has also been pointed out that, 
although the rocks are everywhere greatly disturbed, and therefore 
the working-out of the original sequence of the deposits is practically 
impossible, there is reason to believe that the highest beds are those 
which occupy roughly the centre of the trough.' 

So far as I can distinguish, these beds, as seen in the coast- 

section, differ neither in lithological aspect (see p. 5) nor in 
paleontological facies, from those, developed nearer the edges of 
the basin, which underlie them. It has been seen that the goniatites 
and other marine invertebrates occurring in calcareous nodules are 
distributed practically uniformly throughout the U pper Carboniferous 
sequence in Devon and Cornwall. Such plant-remains as it has 
been possible to obtain from the beds occupying the centre of the 
basin have proved to be species common in the Middle Coal 
Measures, the horizon to which the Bideford beds also have been 
shown to belong.” Unfortunately, the number and preservation 
of the specimens leave much to be desired. Although fragments 
of plant-remains are often extremely abundant, and of common 
occurrence, it is rare to find a specimen, or fragment, sufficiently 
well preserved to permit of specific identification. In fact, the task 
of obtaining a representative flora from these rocks proved well nigh 
hopeless, and such examples as have been procured are the result of 
much labour, and continuous search spread over many weeks. 

Of the thousands of ill-preserved fragments that I have seen, I 
have never found one which in the least recalled any of the typical 
Upper Coal Measure plants. All the evidence, so far as it is 
trustworthy, points to the conclusion that the highest 
beds to be found in the Carboniferous basin of Devon 
and Cornwall belong to the Middle Coal Measures.’ 


(a) The Plant-Impressions. 


The following impressions have been obtained from localities 
which are believed to be situated on higher beds than those found 
in the Bideford district. 

Calamites Suckowi, Brongn. and Calamocladus  equisetiformis 


1 The general extent of these beds is roughly indicated in Mr. Ussher’s 
recent map (Ussher [01] pl. xvi), where they are shown uncoloured but with 
a fine hatching, and are marked C? in the index to the Map. They form the 
Upper Culm Measures in Mr. Ussher’s classification. 

2 Arber (04) p. 316. 

* This horizon is termed the ‘Westphalian’ by Mr. Kidston, (05) p. 319, 
in his revised terminology for the zones of Upper Carboniferous age, founded 
on palzobotanical evidence. I regret, however, that Jam unable to adopt the 
new terms proposed, for several reasons, among which I may mention the use of 
the term Westphalian, which has long been employed on the Continent 
in a far wider sense than that now adopted by Mr. Kidston. 


Q.J.G.S. No. 249. c 


18 MR. E. A. NEWELL ARBER ON THE UPPER [Feb. 1907, 


(Schl.), both widely distributed species in the Coal Measures, occur 
in the shales on the shore on the west side of Gauter Point, near 
Buck’s Mill Mouth. 

On the west coast, at Speke’s Mill Mout 2 shoe distance to the 
south of Hartland Quay , the following plants were obtained :— 


Calamocladus ef. C. equiseti for mis Alethopteris lonchitica (Schi.). 

(Schl.). _ Mariopteris muricata (Schl.).. 
Annularia (2) sp. Lepidophyllum (2). 
Sphenophyllum sp. Stigmaria sp. 


Farther south, at Embury Beach, between Speke’s Mill 
Mouth and Welcombe Mouth, a Sphenopteri as, a Sphenophyllum, 
and a Calamite were collected, but the species could not: be 
determined. 

At Welcombe Mouth, within a ale of the boundary between 
Devon and Cornwall, the following plant-remains were obtained. | 


Annularia sp. ; Alethopteris lonchitica (Schl.).” 
Sphenopteris sp. Stigmaria ficoides (Sternb.). 


_ Still farther south, in Cornwall, a Calamite was found near cae 
Mouth; and, at Warren Gutter Beach, specimens of Calamites 
Suckowt, Brongn., and Stigmaria ficoides (Sternb.) were obtained. A 
more interesting discovery, however, was made on the north side of 
Higher Sharpnose Point, where a specimen which may be compared 
with Dact ylotheca plumosa (Artis) was collected. 

These fossils do not, in themselves, afford sufficient evidence to 
determine the horizon of the beds. They are, however, from rocks 
which are known to overlie sediments belonging to the Middle Coal 
Measures; and, as already stated, there is a total absence of any 
plants which are especially characteristic of the Upper Coal 
Measures. Further, so far as they go, they are indicative of a 
Middle rather than of an Upper Coal Measure horizon. Nearly 
all of them have also been found in the richer plant-bearing beds of 
the Bideford district. — 


Several new localities and new species have also been discovered 
in the Bideford district, chiefly through the energy of Mr. Rogers. 
These supplement the already published account of ihe flora of 
that district. 

Neuropteris tenuifolia (Schl.), in addition £0 many other species 
already recorded from Devon, has been found in the shales closely 
associated with the culm-band at Greenacliff on the coast, about 
2 miles from Bideford. A Sphenopteris (which may be compared 
with Sph. microcarpa, Lesq.). and Neuropteris acuminata (Schl.) 
were also collected from shales about 100 yards north of the 
culm-band above mentioned. At Summer Hiscott, a locality 
already mentioned in my previous paper, Mr. Rogers has obtained 
Corynepteris Sternbergi (Ktt.), a Neuropteris like NV. stradonitzensys 
(Andre), and cones referable to the genus Calamostachys. At Pitt 
Quarry, Abbotsham, a Halonial branch of a Lepidophloios has been 
collected. Sphenopteri is Heeninghausi, Brongn., has also been 
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obtained at Pill Head Copse, near Bideford. These new records 
all confirm the opinion already published as to the Middle. Goal 
Measure horizon of the beds of the Bideford district. 

The following species have also been collected from near. ade, 
in Cornwall, which probably occupies a similar position on the 
south side of the basin to that of Bideford on the north :— 


Sphenopteris obtusiloba Brongn, 


Calamites Suckowi, Brongn. . | 
Stigmaria ficoides (Sternb.). 


Calamites ramosus (Artis). | 


The following is a complete list of the fossil plants reromied 
from the Upper “Carboniferous rocks of Devon and Cornwall in parc 
poe and previous ' papers :— in 


Equisetales. 


Mariopteris muricata (Schl.). 


Calamites (Calamitina) undulatus, | Megalopteris (?) sp. joe 
Sternb. Neuropteris obliqua (Brongn.). | 
Calamites  (Eucalamites)  raimosus | Neuropteris Schlehani, Stur. 
(Artis). . | Neuropteris tenuifolia (Schl.). 
Calamites (Stylocalamites) Suckowi,| Newropteris acuminata (Schl. ) 
Brongn. Neuropteris ef. Nv: stradonitzensis . 
Calamites (Calamitina) varians, (Andree). 
Sternb. Alethopteris Serli (Brongn.). 


Alethopteris lonchitica (Schl.). 
Cf. Dactylotheca plumosa (Artis). 
Corynepteris Sternber, gt (Ett. ). . 


Calamites (external surface). 
Annularia radiata, Brongn. 
Annularia galioides (L. & H.). 
‘Calamocladus equisetiformis (Sch1.). 
Calamocladus chareformis (Sternb.).? 
Calamostachys longifolia, Weiss. 
Calamostachys sp. 

Pinnularia sp. 


Ly copodiales. 
Lepidodendron aculeatum, Sternb. 
Lepidodendron obovatum, Sternb.. 
Lepidodendron fusiforme, Corda. 
Lepidophloios acerosus (L. & H.). 

. Lepidophloios (Halonia) sp. 
Lepidophylium (2) sp. 
Sigillaria scutellata, Brongn. 
Sigillaria tessellata, Brongn. 
Stigmaria ficoides (Sternb.). 


Sphenophyllales. 
Sphenophy yllum cuneifolium (Sternb.). 


Filicales & Pteridospermee. | 
Sphenopteris obtusiloba, Brongn. 
Sphenopteris Heninghausi, Brongn. 
Sphenopteris cf. Sph. microcarpa, Lesq. 
Renaultia Footneri (Marratt). 
Renaultia schatzlarensis (Stur.) ?? 
Urnatopteris tenella (Brongn.). 


Cordaitales. 
Cordaites (Artisia) sp. 


Incertz Sedis. 
Bark-like impression. 


In my previous paper,’ I stated that the occurrence of gonia- 
tites and lamellibranchs at Instow, in North Devon, might be 
‘regarded as evidence that the Instow beds belonged to the Lower 
Coal Measures. At that time it was not known that this marine 
fauna, abundant in the Lower Coal Measures of the Midlands, had 


1 Arber (04) pp. 315-16; see also Hall, (75) p. 375, for a previous list, 
emended in my paper published i in 1904: Arber (04) p. 297. 

2 In my previous paper, (04) p. 3803, a slip occurs in the remarks on this 
species. For Calamocladus chareformis read Annularia galioides, which is 
identical with Sauveur’s Annularia microphylla. 

3 T regret that the synonymy quoted for this species in my previous paper, 
(04) p. 306, is entirely misleading. 

* Arber (04) p. 318. 
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so wide a distribution throughout the whole of the Upper Carbo- 
niferous sequence in Devon. ‘This new fact has modified the view 
then expressed. The wide occurrence of this fauna, on prac- 
tically the same level as the Middle Coal Measure plant-remains, 
shows that its presence, in itself, cannot be regarded as indicative 
of a Lower Coal Measure horizon. Thus, in the absence of any 
flora from the Instow beds, their precise horizon must remain 
doubtful, and at present there is no real paleontological 
evidence to show that the Lower Coal Measures are 
represented in either Devon or Cornwall. 


Before passing on to discuss the plant-petrifactions, I may briefly 
notice one or two collections of plants from the Upper Carboni- 
ferous rocks of Devon, which were not referred to in my previous 
paper.” 

One of the earliest collectors of fossils in Devon was the late 
Lieut.-Col. William Harding, of Upcott, Pilten, who is mentioned 
both by Sedgwick & Murchison? and by De la Beche.* His 
collection is now in the Atheneum Museum, Plymouth. Most of 
the specimens are, unfortunately, without record of the localities 
whencd they were derived. A few are labelled ‘N. Devon,’ 
including Calamites from Moor Park, and Mariopteris muricata 
{Schl.), also from near Bideford. These, and possibly a few others, 
were no doubt obtained from the Upper Carboniferous rocks of 
Devon; but many examples, without labels, are typical Upper 
Coal Measure species, most of which, in all probability, came 
from the Somerset Coalfield. The Somerset rocks are very charac- 
teristic, and in many cases unmistakable. Certainly no such 
shales (quite apart from the contained organisms) are to be found 
in Devon. I have made some efforts to obtain fuller information 
as to this collection, but it was formed so long ago that, at this 
date, it appears to be impossible to trace the localities whence the 
specimens were derived. 

Since my previous paper on the Bideford plant-remains was 
completed, the collection of the late William Vicary has been 
bequeathed to the Geological Department of the British Museum 
(Natural History).* It contains a few poorly preserved plants, 
especially Calamites, Alethopteris lonchitica (Schl.), Lepidodendron, 
and: Stigmaria ficoides (Sternb.), from the Upper Carboniferous of 
Devon and Cornwall, but the localities from which the specimens 
were obtained are uncertain. J may add that the specimens 
from Mr. Rogers’s collection, figured and described in my paper 
published in 1904, are now also in the Geological Department of 
the British Museum (Natural History). | 


1 Arber (04) p. 300. 

2 Sedgwick & Murchison (40) pp. 648, 682, &e. 
> De la Beche (39) pp. 50, 117, &e. 

* Registered Nos. V 9765-V 9785. 
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(6) The Plant-Petrifactions, 


At an early stage in the exploration of the western shore-line of 
Devon, some rolled pebbles, in which small black objects were 
embedded, were found washed up on the beach. The rock consists 
of a fine-grained, grey sandstone, in which these bodies are arranged 
without order. Fig. 2 (below) is reproduced from a photograph of 
a typical specimen. ‘These pebbles proved to be far from rare, and 
were obviously de- 
rived from the Upper 
Carboniferous rocks. 
The nature of the 
small, black, lenti- 
cular structures re- 
mained somewhat 
puzzling, until it was 
noticed that certain 
of them showed 
traces of structure. 
Microscope - sections 
were then prepared, 
and it was ascer- 
tained that they were 
in reality badly-pre- 
served plant- petri- 
factions. This dis- 
covery was briefly 
announced in 1904,! 
and was regarded as 
of some _ interest, 
since _ petrifactions 
of Upper Carboni-- 
ferous age, showing 
the anatomical struc- 
ture of the plants of 
that period, are prac- 
tically confined in 
England to a single 
horizon, the Lower 
Coal Measures of 
Yorkshireand Lanca- 
shire. Consequently, 
a special effort was 
made to locate the beds from which these pebbles were derived, 
in the hope that better-preserved specimens might be obtained. 
It has been found that these impersistent conglomerates are by 
no means rare, for they occur, here and there, throughout the whole 
of the Upper Carboniferous Series in Devon and Cornwall. The 
_petrifactions are more abundant in the sandstones, but they are 


Hartland Quay and Blackpool Mill (North Devon). 


Fig. 2.—Plant-petrifactions in sandstone, from the cliffs between 


2 Arber (05). 
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also fairly frequent in certain shale-beds, and even occur in some 
calcareous nodules associated with goniatites. 

_ In the Bideford. district, they have been found in Hubbastone 
Quarry, on the opposite side of the Torridge to Instow, and a few 
in the shales on the coast south of Westward Ho! In Cockington 


‘Head, they occur in the shales containing calcareous nodules near 


Tut Hole, already referred to (p. 7), as ell as in the associated 
shale-beds. Farther south, they have been observed in sandstones, 
both on the eastern and on the western sides of Gauter Point, 
aud also a few yards on the west side of Buck’s Mill Mouth. 
Beyond Clovelly, they occur in the calcareous nodules associated 


Fig. 3.—Section of badly preserved plant-petrifactions in sandstone 
from the east side of Gauter Point (North Devon). 


: i 
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with the limestone-band in the anticline at Mouthmill, and also at 


a short distance to the west of Mouthmill. Between Hartland 
.Point and Hartland Quay, several beds, chiefly of shale, have 


yielded petrifactions, such beds being especially abundant in 


Warren Cliff. Still farther south, they occur at Sandhole Beach, 


_on the north side of Nabor Point. 


‘The petrifactions usually form a layer in the sandstones and shales 


only a few inches thick (see fig. 2, p. 21), but sometimes, especially 
“in the shales, the bed containing them may be 2 to 3 "feet thick. 
‘In the sandstone they are usually crowded, the longer axes of 


C 


“the petrifactions being sometimes more or less parallel, while in 


_ other cases there seems to be no ordered arrangement. They are 


: cylindrical bodies, as a rule bluntly pointed at both ends. The 


size varies considerably : the average length is about 15 millimetres, 


ee EE 


Vol. 63.] | CARBONIFEROUS ROCKS OF DEVON AND CORNWALL. 23 


and the diameter 5to 6mm. In the Hartland district, however; 
they have been found as long as 25 mm., and with a diameter 
of 14 mm. 


A number of microscope-sections have been made, of one of which 
a photograph is reproduced in fig. 3 (p. 22). Unfortunately, all 
have proved to be badly preserved, and consequently this discovery 
has no botanical value. Little can be made out as to the structure, 
beyond the fact that these bodies are of vegetable origin. In 
some cases a few cells are preserved; in others, there is an 
indication of a central cylinder. _ 

These petrifactions are, however, interesting geologically from 
the fact that they are rolled and water-worn, as their shape 
clearly shows. ‘They are thus obviously derived fossils, of different 
origin, and possibly of earlier age, than the sandstones and shales 
in which they occur. Their history appears to have been briefly 
as follows. Fragments of plants, deposited during the formation 
of some pre-existing beds, became partly silicified, and later these 
beds were denuded, and their petrifactions redeposited in the sands 
and muds in which they are now found. There need be, however, 
no great discrepancy between the ages of the two constituents of 
these conglomerates. 


VI. Tae Marine anp FresHwater Favnas. 


Evidence has been found of the existence of two distinct types of 
fauna in the Devon rocks: the one consisting of freshwater 
lamellibranchs, the other of marine fishes, cephalopoda, and 
lamellibranchs. In this respect also, the Upper Carboniferous 
deposits of Devon and Cornwall agree with the Coal-Measures of 
Yorkshire, Lancashire,2. Durham,* and North Staffordshire.* 
Further, neither in Devon nor in Cornwall has any sign been 
seen of an intermingling of these two faunas. Thus these beds 
confirm the important conclusion on which special emphasis has 
recently been laid by Mr. Stobbs and Dr. Wheelton Hind,’ that in 
North Staffordshire, and elsewhere, there is a clear and distinct 
separation of the marine mollusca from the freshwater forms. 

Although a special study of these faunas formed no part of my 
programme of research in Devon and Cornwall, I may mention 
briefly such discoveries as have been made incidentally to the main 
object of the enquiry. I may add that the great majority of the 
‘examples of both the marine and estuarine types obtained were 
collected by Mr. Inkermann Rogers, to whose skill as a colleetor i 
have already referred. 

~The marine fauna is much the more abundant in Devon and 
Cornwall. The fish-remains have been already noticed (p. 10). 
1 Phillips & Pasheny (45) pp. 589-90. t 
2 Spencer (98) p. 3 
® Kirkby (60) p. ua, 


* Walcot Gibson (05) p. 295, &e. 
° Stobbs & Hind (05) p. 515; also Stobbs (06). 
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Goniatites are, as a rule, extremely common in the calcareous 
nodules, and they also occur in the Mouthmill Limestone. By far 
the most abundant species is Gastrioceras carbonarium (von Buch), 
which is found apparently throughout the Upper Carboniferous 
sequence in Devon and Cornwall, while Dimorphoceras Gilbertsone 
(Phill.) is also frequent. Gastrioceras Lsteri (Martin) is rarer: 
The lamellibranch Pterinopecten papyraceus (Sow.) is common, 
and often associated with the more abundant species of goniatites. 
A similar association is found in the Midland Coalfields. There 
are indications that other genera occur, though perhaps less 
frequently. Orthoceras sp. has been obtained at Mouthmill, and 
from Hescott Quarry near Hartland. A typical fauna is found in 
the Mouthmill Limestone and the associated shales with calcareous 
nodules, which is as follows :— 


Gastrioceras carbonarium (you Dinorphoceras Gilbertsoni (Phili.). 
Buch). Orthoceras sp. 
Gastrioceras Listeri (Martin). _ Pterinopecten papyraceus (Sow.). 


The same species were described by Hall” from Instow, in North 
Devon, in 1876. 

Badly-preserved shells, possibly allied to Posidoniella, were found 
in a rolled nodule on the beach north of Bude. In some sandy, 
non-calcareous nodules at Hescott Quarry, a Myalina, possibly 
M. compressa, Hind, was obtained, and other genera are probably 
represented. JI am indebted to Dr. Wheelton Hind, F.G.S., for 
several of these determinations, and to Mr. G. C. Crick, F.G.S., of 
the British Museum (Natural History), for assistance in naming 
the cephalepoda. 

The freshwater mollusca appear to be much more restricted in 
Devon than the marine forms. The impure, lenticular limestone- 
bands of the Bideford district have not yielded any shells of either 
type so far. But, in the shales associated with the culm-bands, 
specimens of Carbonicola acuta (Sow.), and possibly also C. aquilina? 
(Sow.), have been found at Bideford, as I have already recordcd.’ 
Mr. Rogers has since discovered other shale-beds containing this 
genus on the coast at Greenacliff, and at Summer Hiscott in the 
parish of Tawstock ; in both cases in close proximity to the culm- 
bands. 


VII. Generat ConcLostons. 


The fact that by far the larger portion of the Carboniferous 
rocks of Deyon and Cornwall is of Upper, and not of Lower 
Carboniferous age, as has been commonly supposed, was emphasized 
by the study of the fossil flora of the beds of the Bideford district 
in my paper published in 1904. The present enquiry has served 
to confirm this conclusion, by bringing into consideration evidence 
of a wider nature. The discovery of Upper Carboniferous faunas, 


* See Stobbs & Hind (05). - 


2 Hall (76). 
* Arber (04) p..519. 
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both freshwater and marine, the latter having a wide range 
throughout the higher beds, is especially significant in this respect. 

Thus these Carboniferous rocks, described by Sedgwick & 
Murchison as the Culm Measures, are not, for the most part, 
of the same age as the Culm of the Continent. Only the lower 
series, or Lower Culm Measures, is equivalent to the Culm of 
Germany and Austria; and this, in both Devon and Cornwall, is 
of insignificant extent when compared with the upper division. 
For this reason, it would seem advisable to avoid the use of the 
term Culm Measures in the future when speaking of the British 
rocks. 

It is also found that the differences in lithological and paleonto- 
logical facies, which have been supposed to exist between the 
Upper Carboniferous sequence in Devon and Cornwall and their 
equivalents in other British coalfields, have been greatly ex- 
aggerated in the past. The ordinary nomenclature is as applicable 
to the Devon Basin as to any of our coalfields, and the Upper 
Carboniferous sequence there is best described as barren Coal 
Measures. Not only are the sandstones and shales of Devon 
similar to those occurring in other basins, but calcareous rocks, 
both of marine and of freshwater origin, are also associated. Two 
faunas—the one marine, consisting of fish-remains, cephalopoda, and 
lamellibranchs, and the other of freshwater lamellibranchs—-have 
been found at different horizons, and both these faunas are 
common to other coalfields. Plant-remains are also distributed 
abundantly throughout the series, although in Devon and Cornwall 
they are nearly always fragmentary, and very badly preserved. 

In these respects, the Upper Carboniferous portion of the 
succession in the South-West of England agrees with the Coal 
Measures of the Midlands and the North. ‘The chief differences 
appear to be two in number. Except to a very limited extent in 
North Devon, there is a remarkable absence of carbonaceous 
deposits throughout the basin. This fact may probably be corre- 
lated with the second point of contrast, namely, that the conditions 
under which these sediments were accumulated was no doubt some- 
what exceptional. So far as the state of the plant-remains will 
permit us to arrive at any conclusion on this point, these rocks 
appear to have been laid down in an area subject to the action of — 
strong currents, thus preventing a sufficient accumulation of 
vegetable material in definite beds, which might eventually have 
formed coal-seams. 

An examination of the coast-section of Devon and Cornwall has 
led to the conclusion that the Upper Carboniferous sequence forms 
one division lithologically, as it does paleontologically. Local 
lithological types may be recognized here and there, but these are 
not constant over any considerable area and tend to merge one 
into the other. Thus the original twofold subdivision of the whole 
Carboniferous Series, instituted by Sedgwick & Murchison, is main- 
tained here, with the exception that the terms Upper Carboni- 
ferous and Lower Carboniferous Series are substituted 
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for Upper and Lower Culm Measures. That the Upper 
Carboniferous Series is one division palontologically is shown by 
both the fossil flora and the fossil fauna. The assemblage of plant- 
remains now known from these rocks is characteristic of. the Middle 
Coal Measures elsewhere in this country. ‘There is no indication 
that higher horizons, such as the Upper Transition Series, or the 
Upper Coal Measures, are represented in the basin. On the other 
hand, the occurrence of Lower Coal Measures has not yet been 
demonstrated. 


The evidence of the fauna of the calcareous nodules, which are 


widely distributed throughout the basin, again supports this con- 
clusion. This marine fauna is practically identical from all the 
horizons at which it occurs in Devon and Cornwall. The badly 
preserved plant-petrifactions have an equally wide distribution. 

Briefly, the main conclusion arrived at here is that 
the whole of the Upper Carboniferous rocks of the 
great barren Coalfield of England, occupying the 
greater part of Devon and a considerable portion of 
Cornwall and Somerset, are, on the present evidence, 
equivalent to the Middle Coal Measures of other 
districts. 
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Discussion. 


The Presipenr remarked that the Society could not but be 
pleased to find modern methods of detailed paleontological and strati- 
graphical work successfully applied to a district which for so long 
a time had remained somewhat vaguely understood. The diligent 
search for fossils by the Author and his local friends had happily 
thrown new light on the Culm-Measures of Devon and Cornwall, 
which seemed now at last to be capable of being satisfactorily 
correlated with the other developments of the Carboniferous system 
in this country. 

Mr. Ussuer congratulated the Author on his successful treatment 
of the rocks of Central Devon and North Cornwall. The results 
obtained fully justified the opinion unhesitatingly expressed by 
Sedgwick & Murchison in the year 1837, that the Culm plants of 
Devon, as then known, proved the correspondence of the rocks with 
‘the true Coal-Measures. They referred to Prof. Phillips’s view 
as to the equivalence of the greater part of the Culm trough to the 
Middle and Upper Divisions of our true Carboniferous Series. 
‘Townshend Hall, who was a pupil of Phillips, always spoke of 
the Culm shales and grits as ‘Millstone Grit.’ In definitely 
assigning a Middle Coal-Measure facies to the flora of the Culm 
grits and shales, the Author had settled this question as to the equi- 
valence of the rocks above the Lower Culm-Measures. The speaker 
was glad that the vexed question as to the equivalence of the Lower 
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Culm-Measures was not within the scope of the paper. The map 
used by the Author was (so far as regards the Central Culm area) 
based on the exploration of the Taw and Torridge Valleys and of 
the districts adjoining the New Red rocks, officially undertaken — 
during the year 1878, with permission of the late Sir Andrew 
Ramsay, for the purpose of inserting alluvial lines and searching 
for outliers of the New Red rocks. The coast from Westward Ho! 
to Clovelly was then traversed, but too rapidly to detect the 
calcareous bands and fossiliferous nodules which the Author and 
Mr. Inkermann Rogers had observed in association with the shales 
and grits above the Lower Culm. ‘The Instow nodules were 
supposed to indicate the presence of an anticline of Lower Culm, 
whereas they were now shown to be altogether above that horizon. 
The western coast and the area south of Hartland Point had never 
been explored by the speaker. In that area he gathered that, 
while the Author agreed with him in regarding the beds shown 
on the map as Eggesford Grits, as the upper beds of the Culm 
syncline, no differentiation in lithological character could be made 
between the Morchard (Middle Culm) and Eggesford (Upper Culm) 
types. These types were established for stratigraphical purposes, 
and were lithologically distinct in the Taw and Torridge Valleys. 
The Author’s researches, however, seemed to the speaker to prove 
that towards the western coast the Central beds troughed or frilled 
out in an interminable series of minor curves, and “that thus the 
lithological distinction between the types was lost by interbedding. 
This constant repetition of the Culm rocks by small folds was well 
described by Sedgwick & Murchison. 

The map which had been thrown on the screen was in illustration of 
a paper of the speaker’s on the Culm-types of Great Britain (published 
by the Institution of Mining Engineers in 1901), after he had ascer- 
tained by the actual survey of limited areas in North & South 
Devon and Cornwall the true succession of the Lower Culm, and 
placed the Posidonomya-Limestones above the Coddon-Hill Beds. 
This Dr. Wheelton Hind had rightly done near Barnstaple. He 
was glad to hear that the unfossiliferous limestone and fossiliferous 
bands and nodules found by Mr. Inkermann Rogers on the coast 
near Clovelly and toward Rocks Nose, Westward Ho !, were definitely 
placed above the Lower Culm by the Author ; and in this connexion 
he wished to call attention to a paper by Mr. Harold Parkinson, 
published by the German Geological Society in 1903, in which he 
fdlescribed certain beds with fossils in the Nassau area above the 
Posidonomya-Limestones. He considered himself fortunate in having 
the details of a region, which he had had neither time nor opportunity 
to work out, filled in by one so eminently qualified to undertake the 
task as the Author, with whom he cordially joined in eulogizing 
Mr. Inkermann Rogers’s work in supply ing the series of careful 
observations which had contributed in producing the satistactory 
results embodied in the paper that they had just heard. 
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Ll. Inrropuction. 


‘A FEW miles east of Oxford the Corallian limestones and sands 
disappear abruptly, and for a long distance to the east and north- 
east the whole of the Upper Jurassic Series between the Cornbrash 
and the Portland Beds consists of clay, with some local rock-beds 
intercalated here and there. With this disappearance of stone 
comes a great falling-off in the number of exposures; therefore 
it is not surprising that, while the Portland and Purbeck Beds of 
Brill and Aylesbury have attracted much attention, the strata 
‘below them have been neglected by geologists. In the Geological- 
Survey memoir on the Middle and Upper Oolitic rocks of England 
(1895), Mr. H. B. Woodward ends a brief account of the district 
between Wheatley and Quainton with the sentence ‘ Further re- 
‘search in the district is desirable’ (p. 135). It is as a contribution 
to this further research that this paper is offered. 

‘The eleven years that have passed since that memoir was pub- 
lished have brought some changes to the district. At that time 
perhaps the most difficult of access of any so near to London, it is 
‘now traversed by two main lines of railway, while a third is on the 
point of being constructed. Large brickfields have been opened up 
for the supply of London and the residential districts of Buckingham- 
shire. On the other hand, the closing of small stone- and brick-pits 
‘continues, to the sorrow of the geologist. 

I began the study of the strata below the Portlandian in this 
‘district in 1899, and have visited it nearly every year since. 
Though most of my work has had to be carried on alone, I have to 
acknowledge my hearty thanks to my friends Messrs. J. H. Pledge, 
J. Guest, and R. W. Pocock, for help in the field-work and the 
»pleasure of their companionship. To Mr. Pledge I am further 
indebted for the photomicrographs which illustrate this paper. To 
Mr. J. J. Uff, the manager of the Brill Brick & Tile Company, 
my thanks are due, not only for the full permission kindly given 
to work in the Company’s brickfield, but also for much information 
readily imparted. 

I am particularly indebted to Mr. G..C. Crick for the trouble that 
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he has taken in helping me 
to identify the cephalopoda 
which I had collected ; while 
for assistance in identifying 


~ other fossils I have to thank 


Prof. H. G. Seeley, Mr. EK. T. 
Newton, Mr. H. A. Allen, 
and Dr. F. L. Kitchin. I also 
owe some valuable sugges- 
tions to Dr. C. G. Cullis. 


II. Tar Rin’s-Hitt Section. 


Rid’s Hill is the name given 


on the Ordnance-map to a 
small hill set upon the north- 
eastern spur of Brill Hill, its 
summit marked by a little 
plantation of firs. Two little 
brooks, each arising from one 
of the numerous springs at 
the base of the Portland 
Sands on Brill Hill, flow 
north and south of Rid’s Hill, 
on their way to the Ray and 
the Thame respectively; and 
so this hill forms part of one 
of the secondary lines of 
watershed within the Thames 
Basin. Along the valley of 
the northern stream for some 
little distance the road from 
Wotton to Brill and the so- 
called ‘Oxford & Aylesbury 
Tramway’ run side by side, 


-and here, at the northern 


foot of Rid’s Hill, are the 
brickfields of the Brill Brick 
& Tile Company. r 

The general _ geological 
structure of the hill is shown 
in fig. i. In the preparation 
of this section, the ground 
was first measured up by 
means of a reflecting level, 
along a line as near the 
western edge of the brick- 
field as possible, distances 


being measured by pacing. 


The measurements having 
been checked by reference to 


points actually marked either 


on the 6-inch or on the 5255 
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Ordnance map, contour-lines at intervals of 10 feet. were sketched-in 
upon the latter map, and from these the profile of the section was 
obtained. The measurements in the brickfield were taken, partly 
by means of the reflecting level, and partly by tape-measurement. 
No attempt was made to measure horizontal distances in this case, 
and consequently the representation of the details of the brickfield 
is diagrammatic. 

At the top of the hill the Geological Survey has mapped Portland 
Sands. There are fir-trees growing here, and many rabbit-holes 
from which a sandy soil is thrown out, but it is by no means a 
‘pure sand ; there are no ‘lydite’ or other pebbles, and under the 
microscope exceedingly few grains of glauconite can be detected. 
At the old brickfield, less than a mile to the west, which formerly 
exposed the junction of the Hartwell Clay with overlying strata, 
there is recorded below the lydite-bed 3 feet of brown and greenish 
mealy sand, followed by sandy Hartwell Clay.‘ These beds are 
very probably represented at the top of Rid’s Hill, but not the 
lydite-bed itself, the pebbles from which could not fail to be seen 
in the soil ifit were present. [found no trace of Hartwell or other 
fossils. } 

On the southern slope of the hill, about 90 yards from the top 
and 27 feet below it, I found in April 1906 that a shallow well 
had been dug. The material thrown out was a grey shale, with 
many fragments of jet or black lignite (some nearly 2 inches 
across). It yielded the following fossils :— 

Aptychus latus, Park. Ostrea sp. 
Exogyra virgula, Defy. | Cristcllaria, three or more species. 

These beds are evidently part of the Upper Kimeridge Clay, and 
differ altogether in character from those in the brickfield described 
below, being thorough shales instead of clays. 

In the brickfield at the northern foot of the hill there are,. or 
have been, exposed about 50 feet of clayey strata. The occurrence 
in these clays of two bands of limestone makes clear the gentle 
synclinal structure of which the clays themselves give more 
obscure indications. Into this syncline the cutting has been made 
symmetrically. The highest point of this section is about 50 feet 
below the level of the exposure just described. : 

The clays may be divided thus :-— | Feet. 

8. Grey, creamy-weathering clays (zone of Exogyra virgula)... 4 


7. Grey, creamy-weathering clays with crushed shells, be- 
coming darker and slightly selenitic downwards and 
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Hee OC Ream yea CALC OUS GAY cs cane caciceiddansscecs<svanedeosceelee crete es 2. 
4) Bandolsereamiy 1imtestOne: | 24. 2). 52inccti-vce---cscadocebess seve 1 
3. Dark grey, brown-weathering clay, with occasional phos- 

po esate amr @ ale siy ee are senine aioe a iin ge sprains daw chccaadicinceceese. 8 
2. Black shaly clay, weathering lilac-grey with yellow stains, 

Foner tbhy tse le mite meaecn aren eee Sse ecsS Gaines cigcsaisic woes 14 
1, Band of grey limestone u the base, 6 feet. below the floor of 

the pit. i ins os 


1 H. B. Woodward, ‘Middle & on “Oolitic — of England ’ Mem. 
Geol. Surv. 1895, p. 221. This section has been obscure ever since I first saw 
it in 1897, and the brickfield is now abandoned. 
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It will be most convenient to describe these in descending 
order. 


8. Zone of Hxogyra virgula.—tThere can be no mistake 
about this zone, as specimens of the zone-fossil can be picked up 
by hundreds on the weathered surface. The majority are more or 
less broken, but a good number of perfect valves can be found, 
with occasionally a bivalved specimen. I have verified their occur- 
rence in situ in the uppermost 4 feet of clay, but it is not easy to 
collect except from the weathered surface: this may be the reason 
for the small number of species collected, as shown by the 
following list :— 


Ichthyosaurus (fragment of rib). | Serpula convoluta, Goldf. 
Aptychus latus, Park. Cytheridea (2). 

Exogyra virgula, Defr. Cristellaria, two species. 
Exogyra nana, Sow. Vaginulina sp. 


. 7.—The clay immediately below the virgula-zone is very similar 
to the virgula-clay itself, but contains abundant crushed shells, 
among which Perisphinctes and Lucina were apparently recognizable. 
Very few other fossils were obtainable except microscopic forms, 
which abounded just at the base of the clay, immediately above 
the upper limestone-band. The following is the complete list :— 


Vertebra of fish. Crinoid-ossicle. 
Aptychus latus, Park. Echinoid-spine (minute). 
Perisphinctes (?). Nodosaria, two species. 
Inucina (). * Vaginulina sp. 
Cytheridea (!). Cristellaria, two species. 
Cytherella (2). |  Reophax sp. 


The upper portion of this clay was much obscured by slipping at 
the times when | examined it. It contains some large septaria ' 
near the top (unless these had slipped down from the virgula-zone, 
as is possible but not likely). The clay varies from grey to blue- 
grey in colour, has much ‘race’ in places, and elsewhere contains 
lenticular crystals of selenite, measuring from 0°5 mm. up to nearly 
2 cm. in diameter. The lenticular form appears to be due to a 
combination of the hemipyramid (111) with what may be either 
the hemi-orthodome (103) or the hemipyramid (113), the cur- 
vature of this surface being so great that it is impossible to say 
whether it is one face or two. 


6, 5, & 4—The two limestone-bands are so exactly alike in 
character, that it is impossible to say from which of them any fossil 
was derived—the fossils having been either picked up among the 
broken pieces of stone or obtained from the workmen. A micro- 
scopic section of a piece of limestone shows nothing but a minutely- 
crystalline aggregate of calcite with flecks of brown (argillaceous) 
matter. A fragment dissolved in acid left a very fine argillaceous 
residue. 

1 Mr. R. W. Pocock has called my attention to the fact, that some of the 


-erystals of calcite lining the fissures in these septaria exhibit the rhombo- 
hedron impaled on the scalenohedron. 
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The following fossils were found in the limestone :— 


Pictonia ef. Cymodoce (d’Orb.). Pholadomya equalis, Sow. 
2 Olcostephanus Berryert - Pleuromya recurva (Phil.). 
(Lesueur)—fragments seen. : 


3.—Below the limestones comes a thickness of about 8 feet of 
dark-grey, brown-weathering clay, with occasional, small, black and 
whitish-brown, phosphatic nodules, not exceeding | inch in greatest 
length. This clay yielded only a few fossils :— 


Ostrea (deltoidea? Sow.), frag- Ostracoda. 
ments. Cristellaria sp. 
Serpula sp. ¢ Rotalia. 


2.—The selenitic clay which forms the lower part of the section 
is the most interesting division. Itisashaly black clay, weathering 
lilac-grey with sulphur-yellow stains, and showing a crumpled 
lamination. It contains abundant crystals of selenite, of all sizes 
from less than 5 millimetres up to about 20 centimetres in length. 
These are mostly the normal combination (010, 110, 111), 
untwinned, but a few show twinning, and a few show parallel 
growth tapering in one direction. Only in one place have I found 
a large mass of selenite (possibly an altered cement-stone) composed 
of lenticular crystals like those described on p. 32 from a higher 
horizon. In addition, selenite replaces, partly or completely, the 
calcite of the abundant. belemnites and, very rarely, that of oysters. 
These latter fossils are abundant in an unaltered state. 

Such at least were the characters of this clay some years ago, 
and they can still be seen in parts of the brickfield; but, with the 
cutting-back of the working-face farther into the hill, the selenite 
has diminished in amount, while instead are seen its antecedents 
in the form of crushed shells, ‘race,’ and (in washings examined 
with a lens) abundant granular aggregates of pyrites (probably 
marcasite). 

The following fossils occur in this clay :— 


Reptilian bones. | Gryphea dilatata, Sow. 
Ostrea deltoidea, Sow. 
Belennites abbreviatus, Miller. Exogyr a nana, Sow. 
Belemnites nitidus, Dollf. Trigonia Voltzi, Ag. 
(= B. explanatus, Phil.). Protocardia sp. (crushed). 


Other crushed shells. 


The selenitization of the belemnites is a most interesting feature 
of this clay. The belemnite-guards, some of which exceed an inch 
in diameter, are usually changed completely into selenite, often 
with many small crystals projecting from the surface and obscuring 
the form, while the internal structure may be quite lost. In some 
cases, the selenite-crystals preserve the radiating arrangement of 
the original calcite; and in parts of some specimens radii of 
unaltered calcite may be seen alternating with others of selenite. 
(Pl. I, fig. 1.) In such cases, the concentric structure of the guard 


Q.J.G.S. No. 249. D 


34 MR. A. M, DAVIES ON THE KIMERIDGE cLAY [ Feb. 1907, 


may also be shown by the sudden increase in the proportion of 


selenite beyond a certain circle. It would seem that the ferrous ) 


sulphate penetrated the guards along certain radial and concentric 
lines of weakness. 

No other recognizable fossils are, as a rule, selenitized. I have 
noted one case of Ostrea deltoidea thus altered, but in general the 
oysters are untouched. 

At various times, diggings have been made below the floor of the 
pit, for chimney-foundations and a reservoir. One of these, nearly 
6 feet deep, I was able to examine. The greater part of the clay 
exposed was of similar character to that just described, full of small 
selenite-crystals ; but one band in it (of the precise level of which I 
have no note) was of a light-blue colour, free from selenite, and has 
yielded numerous microscopic fossils. Larger fossils also occurred, 
some phosphatized. At the bottom of this digging was a layer of 
argillaceous limestone; and although I did not obtain any fossils 
from this, some were thrown out from probably the same limestone 
in a deeper digging. The full list of fossils from below the floor of 
the pit is as follows, those marked L being from the limestone :— 


Perisphinctes plicatilis (Sow.). Pentacrinus (small ossicle). 
Perisphinctes decipiens (Sow.) (Li). Crinoid-ossicle (minute). 
Perisphinetes sp. Echinoid-spine (minute). 
Cardioceras cordatum (Sow.). 
Cytheridea (?). 
Trigonia Juddiana, Lye. (L). 
Area sp. Cristellaria. 


Pulvinulina (2). 


The most fossiliferous rock in the brickfield yet remains to be 
described, as, strange to say, its exact horizon is uncertain. This 
consists of a series of rounded masses or ‘doggers’ of an impure 
limestone, the biggest of which are nearly 2 feet in diameter and 
6 inches thick. These were al] dug up prior to my first visit in 
1899, and Mr. Uff informs me that none have been met with during 
the last seven years. They can only, therefore, have come from 
the selenitic clay, or from the lower part of the overlying grey clay, 
as those were alone exposed in 1899; and, as they are sometimes 
selenitic at the surface, they more probably come from the selenitic 
clay. It is remarkable that they should have been so abundant 
near the natural surface of the ground, and yet be wanting farther 
into the hill. 

The stone is extremely tough, and while such bivalves as Cyprina 
and Astarte easily come out when it is broken, such fossils as 
belemnites and oysters are usually inextricable. Fortunately, I 
have lately found some of the doggers that have been softened by 
long weathering, and from them have extracted fossils that can be 
seen in, but not removed from, the ordinary stone. By far the most 
abundant species are Serpula tetragona, Sow., and a little Cyprina. 
The following is the complete list of fossils identified :— 


a: — 
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Cardioceras (Ameboceras) alter- Astarte cf. pulla, Roemer. 

nans (von Buch). Astarte, two other species. 
Cardioceras excavatum (Sow.). Cyprina cyreniformis (2) Blake. 
Beemnites nitidus, Dollf. (with Lima sp. 

phragmocone). Modiola bipartita, Sow. 


Ostrea deltoidea, Sow. 
Ostrea cf. dubiensis, Contejean. 
Protocardia sp. 


Cerithium ? (very young). 
Pseudomelania ? (very young). | 


Arca sp. 
Astarte ovata, Smith. Serpula tetragona, Sow. non 
Astarte monsbeliardensis (?) Reem. 

Contejean. 


The serpule are so abundant throughout the rock and so inex- 
tricable from it, that it is difficult to ascertain to what they can 
have been attached. In the weathered blocks already mentioned, 
they were attached to oysters and belemnites ; while oysters in turn 
had grown upon serpule. The abundance of Serpula tetragona and 
Cyprina is a point of resemblance to the large doggers described 
by J. F. Blake’ from the Lower Kimeridge Clay of Woodhall Spa 
and Leavening, although the other fossils are not the same. 

When I first visited this section in 1899, only the selenitic clay, 
a very little of the overlying clay with phosphatic nodules, and these 
serpulite-doggers were to be seen. The brickfield comes upon the 
mapped outcrop of ‘Lower Calcareous Grit, here described as 
represented by a clay with abundant Ostrea sandalina (Exogyra 
nana). I fully expected, therefore, to find Ampthill Clay, and at 
first the evidence was all in favour of the selenitic clay being 
Ampthill Clay. Its intensely-selenitic character, the occurrence of 
phosphatic nodules at the base of the overlying clay, the association 
of Gryphea dilatata with Ostrea deltoidea, and of Belemnites 
abbreviatus with B, nitidus, are all points of agreement with the 
Ampthill Clay of Lincolnshire, as described by T. Roberts.” In the 
course of time, however, evidence to the contrary has accumulated. 
None of the species found are exclusively Corallian, while the 
ammonite Cardioceras alternans (von Buch) is the zone-fossil of 
the Lower Kimeridgian. It is true that this ammonite has been 
recorded from the Upper Calcareous Grit of Yorkshire, but that may 
rather be a reason for including that formation, or part of it, in the 
Kimeridgian, than for admitting C. alternans as a Corallian fossil. 
It has, at any rate, never been recorded from the Ampthill Clay. 
Decisive evidence was provided by the two species of Trigonia— 
Tr. Juddiana and Tr. Volizi (the latter, though only a fragment, 
showing the characteristic feature of growth-lines crossing the 
tubercles), both species exclusively Kimeridgian. As T'r. Juddiana 
came from 6 feet below the floor of the pit, we may safely say that 
nothing lower than Kimeridge Clay is exposed on Rid’s Hill. 

The thickness of the Upper Kimeridge Clay here may be estimated 
at 50 feet, and that of the Lower Kimeridge Clay at not less than 
the same amount. 

Tf all the clay exposed in the brickfield is Lower Kimeridge Clay, 


* Quart. Journ. Geol. Soc. vol. xxxi (1875) p. 210. 


2 Ibid. vol. xlv (1889) pp. 550 ez segg. 
p2 


~ 
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then the outcrop of Corallian shown on the geological map should 
be shifted farther north. There are reasons for thinking that it 
should probably also be broadened. For, if abundance of large 
specimens of Gryphea dilatata marks the uppermost beds of the 
Oxford Clay, then those beds occur (1) at a pond by the roadside 
about halfway between Tittershall Wood and Wotton Park; (2) in 
the Great Central Railway-cutting a mile north of Wotton Station 
(where I also found Cardzoceras veriebrale and Pecten fibrosus) : 
(3) at the little brickfield by Quainton-Road Junction (nearly half 
a mile north-west of Quainton-Road Station). All these points are 
about a mile north of the mapped upper boundary (a doubtful 
line) of the Oxford Clay, so that probably some of the mapped 
Oxford Clay is in reality Ampthill Clay. But direct evidence of 
Ampthill Clay is wanting. The cuttings on the Great Central 
(Prince’s Risborough to Grendon Underwood) line, which might 
have afforded the necessary evidence, were sloped over before I 
visited them. In Ashendon cutting I picked up a specimen of 
Ostrea discoidea, Seeley ; but it may have been brought from else- - 
where. In the cutting at Wotton Station I picked off the sloped 
sides some weathered-out fossils, namely :— 


Cardioceras cordatuim (Sow.), young. Ezxogyra nana, Sow. 
Belemnites hastatus, Blainv. Ostrea sp. 
Alectryonia gregaria (Sow.). Serpula sp. 


This list is more suggestive of Oxford Clay than of Ampthill Clay, 
as Belemnites hastatus has not been recorded from the latter. 


One thing further has to be stated about the Kimeridge Clay. 
The microscopic examination of a large number of washings from 
different horizons has shown a complete absence of glauconite- 
grains; an absence which is in striking contrast with the richly 
glauconitic character of the Portlandian rocks above. Itis remark- 
able that the great Purbeck-Wealden episode of emergence should 
have been both preceded and followed by conditions favourable to. 
the production of glauconite, while this was not the case with the 
minor shallow-water episodes of the Jurassic Period. In this con-_ 
nexion I have to correct a mistake, into which I fell a few years 
ago. In 1899 I exhibited at a meeting of this Society a specimen 
of richly-glauconitic rock from near Wombwell’s Farm, Chilton, 
and described it as occurring in the Kimeridge Clay.!. J have now 
satisfied myself that it 1s really Lower Portlandian. Its association 
with a distinct feature along the western side of the valley led 
me to suppose it to crop out where it is found; but more careful 
examination has convinced me that this feature is an old landslip. 
On the eastern side of the valley, where the dip is unfavourable to 
landslips, fragments of the same stone can be traced up to the 
level of the Portland Beds; and in the recently-made railway- 
cutting at Haddenham, similar richly-glauconitic beds were exposed 
in the Portlandian.? 


> Quart. Journ. Geol. Soc. vol. lv (1899) p. Ixxxvii. 
2 Proc. Geol. Assoc, vol. xviii (1904) pp. 385-87. 
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III. Tor Arnerove Strong (&a4xXELL4A-CHERT). 


The only well-marked Corallian rock in the Brill district is one 
referred to thus by Phillips :— 
‘ At Studley, near Oxford, Dr. Buckland detected a eet bed of clouded 


grey colour, and very tough and dense texture, a sorb of argillaceous chert, rich 
in pinne, ammonites, and other organic remains. 


A. H. Green, in the Geological-Survey memoir, notes that 


‘this bed runs with a good escarpment by Arngrove Farm to the north of 
Gravel-Pit Farm, beyond which point we lose sight of it altogether... .. 
Immediately below this stone we find Oxford Clay with Gryphea dilatata, and 
it is therefore without doubt the bottom bed of the Calcareous Grit.’ ? 


He gives a good list of fossils from Arngrove Farm. 

Phillips, in his ‘Geology of Oxford’ 1871, makes but slight 
allusion to this stone. He says: ‘ It [the Calcareous Grit] is indeed 
actually used on the roads at Studley’ (p. 298); and he quotes a few 
fossils from that locality. 

Blake & Hudleston refer to it very briefly, remarking, after their 
description of the Corallian of Wheatley :— 

‘Professor Phillips has noticed, in his ‘ Geology of Oxford,’ that the Lower 
Calcareous Grit forms what we may call an isolated sandbank at Studley, whence 
he has named some fossils ; but of the vast spread of this rock, marked in the 
Survey map between Holton and Brill, not a trace can be seen. No sand- 
ee pe are to be heard of; and the whole soil indicates a stiff clay 

enea 


It is strange that the strongly-marked peculiarities of this rock 
have attracted so little attention. It is a thinly-bedded stone, broken 
up into roughly-rectangular blocks, sometimes as much as 4 inches 
square and 12 inches thick, but often smaller. Near the surface it 
becomes rubbly, almost gravelly in character. Its outcrop is marked 
at intervals by patches of uncultivated, furze-covered land, on which 
shallow pits have been opened, the stone being much used in the 
surrounding clay-land for flooring muddy places in the fields. The 
chief present diggings are near Arngrove Farm; and as this js the 
only locality from which any abundance of fossils can be obtained, 
I have been accustomed to use the name Arngrove Stone as a 
convenient field-term for the rock. Without intending to put it 
forward as a permanent addition to stratigraphical nomenclature, 
J shall use it for convenience in this paper. 

When examined with a hand-lens, this stone is seen to be studded 
with innumerable minute ellipsoidal bodies, mostly of a translucent 
blue, but with everywhere some of an opaque white. On some 
surfaces these are seen to have disappeared, leaving empty spaces: 
and sometimes, on a joint-surface, they are seen in section, when a 
concentric structure can be detected. These bodies are embedded in 
a matrix of a grey colour and of brittle character, weathering to a 
light yellow-brown, and becoming very soft andfriable. It is neither 


1 «Manual of Geology’ 1855, p. 307. 
2 «Geology of the Country round Banbury, &c.’ (Sheet 45) 1864 p 44. 
$ Quart. Journ. Geol. Soc. vol. xxxiii (1877) p. 311. 
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calcareous nor purely argillaceous, although it adheres to the tongue. 
In one or two cases, small patches of actual grey clay replace the 
ordinary matrix, and in them the ellipsoids are scattered more 
loosely. The rock, as a whole, is very light and porous, absorbing 
water very readily. These characters, taken together, enable 
fragments of the rock to be identified with the greatest ease. 

In one place only—at a pond-digging at the Warren Farm, north 
of Studley "this rock undergoes a remarkable change, becoming a 
limestone, though still exhibiting the characteristic structure. If we 
treat a piece of this limestone with acid, the great majority of the 
ellipsoidal grains dissolve, but a few of them, along with some 
argillaceous matter, remain as an insoluble residue. 

If some of the grains are removed from the ordinary Arngrove 
Stone and examined under the microscope, they are found to agree 
exactly in size and shape with the globate spicules of the tetractinellid 
sponge Rhaxella perforata, described by Dr. G. J. Hinde? from 
cherts in the Lower Caleareous Grit of Yorkshire. They are about 
"15 mm. in length, -1 mm. in sectional diameter, and occasionally 
show a distinct hilum. When they are mounted in glycerine (but not 
when in balsam) the regular quincuncial surface-marking can be 
detected under a high power, although in the blue spicules it is 
obscured by a coarser network-structure. Another, more striking 
difference between the blue and white spicules is, that between 
crossed nicols the former show first-order yellow interference- 
colours and an excentrically-radial structure, while the latter are 
practically isotropic. 

The examination of a thin slice shows that, in addition to the two 
kinds (or conditions) of spicules, there are also a few angular and 
subangular grains of quartz of the same order of magnitude. The 
proportion of ‘blue’ spicules to ‘ white’ spicules to quartz-grains 
averages 9 to 3 to 1 in one slide. 

The ‘blue’ spicules, when cut tangentially, show the irregular 
network-structure mentioned above. When cut centrally, they 
show (1) a narrow outermost zone, nearly clear and almost isotropic ; 
(2) within this, a dusky-brown zone, equally narrow, its inner 
margin showing cuspation, probably corresponding to the network 
apparent on the surface; (8) a clear, glassy centre, forming the 
main bulk of the spicule. This last, on careful examination, often 
shows a faintly-marked agate-like structure ; and, between crossed 
nicols, a corresponding radiating chalcedonic structure is revealed. 
The radiation is sometimes fairly regular about the centre of the 
spicule ; at other times it is of a more complex type, with several 
centres; or, again, the radii may start from a point on the margin. 


(See Pl. I, fig: 2.) 


1 This must not be confused with the (geologically more famous) Warren 
Farm near Stewkley, 17 miles to the east-north-east. Another Warren Farm, 
near Holton, will be mentioned farther on (p. 42). 

2 ‘British Fossil Sponges’ Monogr. Palzont. Soc. pt. iii (1893) pp. 210-12 & 
pl. xiii, figs. 7, 7¢-/; and Quart. Journ. Geol. Soc. vol. xlvi (1890) pp. 54-61 
& pl. vi. 
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The ‘ white’ spicules, on the other hand, are more or less dusky 
throughout, and show by ordinary light a well-marked concentric 
and a less distinct radial structure: both structures being marked 
out by alternations of brown and clear material, although no part 
is so clear as the central mass of a ‘blue’ spicule. The concentric 
layers show no cuspation. Between crossed nicols, they exhibit a 
regular radial structure in much duller tints than those of the ‘ blue’ 
spicules. 

The foregoing descriptions seem to indicate that the ‘ white’ 
spicules are in a less altered state than the ‘blue,’ and that the 
latter have either undergone recrystallization, or that all but their 
outermost shells have been dissolved away and the cavity so formed 
aiterwards refilled by secondary chalcedony. This view obtains 
some confirmation from the structure of the calcareous variety of 
the stone, described below. 

The matrix in which the spicules and sand-grains are embedded 
is not easy to determine. In section, it varies from faint yellow 
to deep brown in colour, is speckled with brown (? limonite), and 


between crossed nicols shows a cryptocrystalline to amorphous 
structure. 


In the ‘calcareous Arngrove Stone’ of Warren Farm the matrix 
is minutely-crystalline calcite, with cloudy impurities. The three 
constituent graius of the typical chert are now represented by (1) 
calcite-grains, (2) siliceous grains, and (3) sand-grains, as before. 
The first consist each of a single crystal or a small number of crystals 
of calcite, and can therefore be more easily understood as formed by 
the filling of a cavity than by true pseudomorphic replacement of 
chalcedony. The siliceous spicules (which can be examined whole 
in the insoluble residue of the rock as well as in section) differ from 
the ‘ white’ spicules of the chert by showing little or no concentric, 
though a fairly-distinct radial, structure, and by their perfect iso- 
tropism. They are probably, therefore, the globate spicules quite 
unaltered. The sand-grains are similar to those in the chert, and a 
few flakes of mica also occur. (See Pl. I, fig. 3.) 


All the conditions in which the spicules of Ahawella occur in these 
rocks were described long ago by Dr. Sorby* in the similar rocks 
of Yorkshire. I have not seen a specimen of the Yorkshire chert ; 
but the descriptions of it agree very closely with that of the 
Arngrove Stone, and the age of the two must be very nearly the 
same. We have already seen that, in describing tnis stone, Green 
(writing mainly from Mr. Polwhele’s note) states that 


‘immediately below this stone we find Oxford Clay with Gryphea dilatata, and 
it is therefore without doubt the bottom bed of the Calcareous Grit.’? 


This statement probably refers to the escarpment of Pan’s Hill, 


? Quart. Journ. Geol. Soc. vol. vii (1851) pp. 1-6. Q 
2 “Geology of the Country round Banbury, &c.’ Mem. Geol. Surv. 1864, 
p. 44. 


40 MR. A. M. DAVIES ON THE KIMERIDGE CLAY [Feb. 1907, 


where, just below the crest of the escarpment, large Grypheas are 
thrown out abundantly from the ditches. The precise relation ot 
the Arngrove Stone to the Oxford Clay is shown by the following 
well-section, noted in September 1899. The exact site of the 
well is at the northern end of Studley village, by the side of the 
road to Boarstall, close to the 317-point on 6-inch sheet No. 26 
(Buckinghamshire). The measurements are approximate, having 
been made by reference to the rungs of a ladder in the well :— 


Feet. 
5. Soil and Arngrove Stone-rubble (outside the well) ...... 3 
ADpArmperove StOMe | 2. c- .c0..225-ssecdnapemeeenedncss a weet ener 2 
3. Reddish-brown sandy clay: fish-tooth, Alectryonia- 
fragments, traces of other shells ..............-++-0+-2--0++ 3 
Za Areillaceous limestone \2e.5-.ms sneer ee se eaeee less than 1 
1. Clay, very black and stiff: Gryphea dilatata, Cardio- 
COPAS COTA ALUM © 5. gsc ate dense ano need See at least 10 
o 


From Studley, for more than 3 miles in a north-easterly direction, 
the Arngrove Stone forms a well-marked escarpment. This dies 
away rather suddenly at the main road from Oakley to Bicester, the 
last place where the Stone can be found being on a piece of waste 
ground on the north-east side of this road. All along this distance, 
for a varying breadth along the dip-slope, the chert is abundantly 
exposed in small diggings and in the soil of ploughed fields. Near 
Studley it is found on both sides of the Danes Brook, which trenches 
the dip-slope in the direction of the strike. So far, the well-defined 
boundary-line shown on the geological map between Oxford Clay 
and Lower Calcareous Grit is quite justified. But, farther to the 
east, all trace of the chert is quickly lost; and it is difficult to 
understand the grounds upon which the definite boundary-line has 
been continued up the valley to Boarstall, and again through 
Shabbington Wood and along the western side of the next valley, 
where only a broken line is drawn on its eastern side. Along the 
north side of Shabbington Wood, the soil is equally clayey on both 
sides of the mapped boundary-line; and at one point, a little north- 
west of Shabbington-Wood Lodge, well within the area mapped as 
‘Lower Calcareous Grit,’ a pond-digging shows clay with abundant 
large specimens of Gryphwa dilatata and Alectryonia gregaria. My 
own conclusions as to the extension of the Arngrove Stone are 
indicated in the sketch-map (fig. 2, p. 41). 

On the south-west, the continuation of the chert is abruptly 
cut off by denudation. ‘Two miles away, across the broad valley of 
the Holton Brook and its tributaries, stand the normal Corallian 
rocks of Stanton St. John; and it is natural to enquire whether any 
trace of the Arngrove Stone may be found intercalated in this series. 
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The only hint of its presence hitherto given is in the following 
sentence in the Geological-Survey Memoir :— 


‘ Hence [from Stanton St. John] by Breach Farm the Calcareous Grit takes a 
stony form, showing asa hard sandstone with a calcareous cement, like the 


bed at Studley described below.’ ? 


Fig. 2.—Sketch-map of the outcrop of the Arngrove Stone (Rhaxella- 
chert) based on the Geologreal-Survey map, Sheet 45 S.E. 
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[Scale: 1 inch = 14 miles.] 
1=Grayel-Pit Farm. 4=Shabbington-Wood Lodge. 8=Bayswater Mill. 
2=Boarstall. 5= Beckley. 9= Holton Wood. 


3= Arngrove. 6= Woodperry. 10=Studley. 
7=Stanton St. Jobn. 


In reality, neither at Studley nor at Breach Farm is there a 
‘hard sandstone with calcareous cement.’ The stone-bed which 
forms the mapped base of the Lower Calcareous Grit near Breach 
Farm is quite typical Arngrove Stone. There is a good exposure 


1 *Geology of the Country round Banbury, &c.’ 1864, p. 44. 
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of it in a ditch on the east side of Stanton Great Wood; and from 
here I have been able to trace it almost continuously in both direc- 
tions, for a distance of quite 2 miles in all, by the abundance of its 
fragments in the brooks and ploughed fields. In the south-easterly 
direction, its last appearance is on the eastern side of Holton Wood ; 
in the other direction, it can be traced as far as the site of the old 
church at Woodperry ; and again it can be seen in the road-cutting 
a little beyond, where there is a considerable thickness of calcareous 
sandstone above it. Where it precisely dies away in this direction 
I cannot say, but there is no trace of it at Beckley Upper-Park Farm. 
Here, and round by Beckley Common to Stowood, the base of the 
Calcareous Grit is formed by a considerable thickness of reddish 
sands. 

The only other point where there seemed to be a prospect of 
finding it is above Bayswater Mill (fig. 2, no. 8, p. 41), in the valley 
of the Bayswater Brook, where the outcrop of Lower Calcareous Grit 
has been cut back to within nearly a mile of Stanton St. John. 
But here also the base is sandy, and I found no trace of Arngrove 
Stone. It must, therefore, thin away underground rather rapidly 
to the south-west of Stanton St. John. 

Along the greater part of this 2-mile outcrop, although no clear 
sections are seen, the overlying strata seem to be clayey. It is 
remarkable that, just where the chert dies away, the overlying strata 
become sandy. This is the case at both ends of the outcrop. At 
the south-eastern end, the sandy beds can be traced from Holton 
Wood, past Warren Farm, to near Pond Farm, fragments of iron- 
stone being abundant in the sandy soil between the two last-named 
places. Beyond this, it is difficult to find any evidence for the definite 
boundary drawn on the Geological-Survey map. Only at one point 
—at the pond near Ledall Cottage—is an obscure section showing 
coarse sand and ironstone, just at the mapped junction; but both 
north and south of this point the soil is clayey, and large Grypheas 
are thrown up in all ponds and otherdiggings. Fragments of ironstone 
are also common in the soil near Thomley Hill, and again 3 miles 
farther north, near Boarstall Wood. These occasional breaks in the 
great monotony of clay may be indications of Drift, rather than of 
intercalations in the solid strata; but the absence of clear exposures 
makes it very difficult to judge. What is clear is, that the Arngrove 
Stone extends over a much smaller area than that bounded by the 
unbroken boundary-line on the Geological-Survey map. Its actual 
outcrop and probable original area of deposit are indicated in the 
sketch-map (fig. 2, p. 41). 


The following is a list of the fossils collected from the Arngrove 
Stone, mainly at Arngrove itself. The species marked D I have 
found myself; those marked § are added on the authority of the 
Geological-Survey Memoir and the specimens in the Jermyn-Street 
Museum ; those marked P are noted by Phillips. Many of the fossils 
are casts or impressions; and, where the shell is preserved, the 
specimen is often incomplete through truncation by a joint-plane. 
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1 These two are probably the same species. 


LV. PatmontoLtoeicaL Norss. 


CYPRINA CYRENIFORMIs (?) Blake. 
1875. Cyprina cyreniformis, J. F. Blake, Quart. Journ. Geol. Soc. vol. xxxi, p. 227 & 
pl. xit, fic: 6: 

Compare also— 

1866. Cyprina pulchella, P. de Loriol, Mém. Soc. Phys. Hist. Nat. Genéve, vol. xix, 
pp. 55-56 & pl. iv, figs. 10a, 106, 11, 1la,116. 
Cyprina semiparvula, nomen nudum, Etallon, P. de Loriol, op. cit. p. 56. 

This little bivalve is very abundant in the serpulite-doggers at 
Brill, just as Blake’s species is at Woodhall Spa. It occurs in a 
perfect state of preservation, with the valves tightly closed, or as 
calcite-casts. Very rarely is a valve found single, and even then 
the extreme toughness of the matrix makes the complete exposure 
of the hinge-line impossible. 

It agrees well with Blake’s description, but not with his 
figure (an external view of the right side), which shows the umbo 
aS more anterior and the posterior part of the hinge-line as less 
sloping. 


44 MR. A. M. DAVIES ON THE KIMERIDGE CLAY [ Feb. 1907, 


It agrees very closely with C. pulchella, de Lor. (to which Blake 
refers as near to his species), in shape, dimensions, and -orna- 
mentation, but differs from it in two respects—(a) the umbones 
cannot be described as ‘ assez gros et renflés,’ for they terminate in 
a fine point with a slight spiral; (6) the angle at which the valve- 
margins meet is acute instead of being slightly obtuse. In com- 
paring his species with others near it, M. de Loriol remarks :— 
‘La C. semiparvula, Etallon, non figurée, a des crochets terminés en spirale 
distincte, ce qui n’existe point dans la C. pulchella.’ (Op. cit. p. 56.) 

This suggests the possibility that the Brill species may be the same 
as C’. semiparvula, but I have not succeeded in finding Etallon’s 
description. 

Blake, after comparing C. cyreniformis with C. tenuirosiris, 
Etallon, remarks that 


‘it is nearer still to Cyprina pulchella, de Loriol, but is more excentric and has 
not the anal side truncated’ (Op. cit. p. 227.) 


The Brill species is not more excentric, and the anal side, although 
I should not describe it as truncated, exactly resembles M. P. 
de Loriol’s figures. 

The differences between these species are so slight that, without 
an examination of the type-specimens, I hesitate to name the Brill 
specimens definitely. 

The following are the dimensions of the three compared, Blake’s 
measurements being translated into millimetres and his proportions 
into decimals, for comparison with the others :— 


Brill: Four specimens. Cg ee oe ee 
| | | 
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oe ee 251 75 | 80] -80 75 88 
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SOE ee 50 | 56 | 58) 55 ue 58 
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eng eee 38, 39 40 “41 

erlor to 
umbo. J 


1 Calculated from the proportions given, to the nearest millimetre. 


[Through the kindness of Dr. Smith Woodward, I have had an 
opportunity of examining the Blake Collection, now in the Natural 
History Museum. ‘The type of Cyprina cyreniformis does not 
appear to be present.—A. M. D., January 12th, 1907.| 


ASTARTE, 5 spp. 


No less than five species of Astarte occur in the serpulite-doggers 
at Brill. Of these, one is easily identified as A. ovata, Smith; a 
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second, a large species, is represented only by fragments, which fit 
well on to the figure of A. monsbeliardensis, Contejean, in respect 
of the closeness and curvature of the lines of growth. A third 
(referred to as species B below) agrees in dimensions with A. pulla, 
Roemer, although the ornamentation does not seem quite the same. 
The two remaining species (A & C) I have not been able to match 
with any of the Upper Jurassic species, numerous though they be, 
described and figured by various authors. They certainly cannot 
be identified as Astarte supracorallina, d’Orb. 

The characters of these three species may be stated in tabular 
form thus, measurements being in millimetres :— 


Species A. Srxcres B. Srecizs C, 
Seematla ee eens, Cake 9°3 to 10 7d to 8 ROE tothe 
Ve rerlige Seren Seneca oee 1 F6:9to 9:5 Gi toro 10:2? to 11:2? 
Thickness SE AM meee eS aa ee 51 4to 46? | 56? to6? 
el Dieta em oes 96 to -99 92 to 94 | -96? to -98? 
Length 
OSU Tay 5D 56? ‘51? to B4? 
Length 
Number of mae oe 
ribs in a radius of 9 to 12 65 to 7 3 or 4 coarse 
5 millimetres (where anid 9) fine 
farthest apart). | cern | 
| 


Lima sEmrpuncrata (?) Etallon. 


1859-61. Lima semipunctata, J. Thurmann & A. Etallon, ‘ Lethea Bruntrutana’” 
p. 244 & pl. xxxiil, fig. 7. 

The specimens of Zima in the serpulite-doggers of Brill are all 
very small, the largest not exceeding 8 millimetres in greatest length. 
They occur as internal casts, with only portions of the ears and 
hinge-line persisting. There is, consequently, nothing but the shape 
to identify them by, the casts being quite smooth. They agree in 
shape with Lima semipunctata, Ktallon, and may well be the young 
of that species ; but might almost as well be the young of L. virgu- 
lina, Thurmann. 


OstrEa cf. DUBIENSIS, Contejean. 


1859. Ostrea dubiensis, Ch. Contejean, ‘ Etude de l’Etage Kimméridien dans les 
environs de Montbéliard & dans le Jura’ pp. 320-21 & pl. xxi, figs. 4-11. 

The recognizable oyster-shells in the serpulite-doggers at Brill 
(other than a single specimen of O. deltoidea, Sow.) resemble 
Contejean’s species in all respects except size, their dimensions 
being about 50 per cent. greater. They cover much the same 
varieties of form, and show similar ornamentation and similar 
ligamental areas. 

This species has not been recorded from British strata. The 
nearest hitherto-recorded British species is O. Sowerbyi, Morris & 
Lycett, from the Lower Oolites. From this species the present 
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one differs in the umbones being less obtuse and the posterior 
border less concave, while the form is more variable.’ 


PRoOTOCARDIA sp. 


This species occurs in a crushed and broken condition in the 
serpulite-doggers at Brill, only one specimen being fairly perfect. 
It differs from other Protocardiz of the same age, so far as I have 
ascertained, by the absence of concentric striz and the larger 
number of the radial ribs, which are as many as 15 to 19, as against 
the usual 8 to 10. In some specimens the first six or eight of 
these ribs are finer than the rest; in others they are not; while, in 
one case, the second and fourth alone are finer. The ribbed area 
occupies about one-third of the length. The dimensions of the 
most perfect specimen are :— 


mm. mm. 
Length = 12 Height 
. ; == 
Height = 12:2 Length 
Thickness = 93 Thickness _ aa 
Length ~ ‘ 


? MacTRoMYA BREVIS, Agassiz. 
1842-45. Louis Agassiz, ‘ Etudes critiques sur les Mollusques Fossiles; Mono- 
graphie des Myes’ p. 192 & pl. 1x8, figs. 5-9. 

This species is probably the one identified in the Survey-list of 
Arngrove fossils as ‘ Thracia or Anatina.’ It is fairly common in 
the Arngrove Stone, but, as it shows nothing beyond its form and 
ornamentation, it is extremely difficult to identify. Various genera 
of Anatinacea have species of very similar aspect, and so have 


several genera of Tellinacea. Among the latter, Jsodonta kimmeridi- 


ensis, Dollfus, resembles it most nearly; but, in the Arngrove 
specimen, the posterior area is not quite so sharply defined, and the 
concentric strie are not so regularly spaced. The resemblance of 
form and markings to those of Mactromya brevis is much closer. 


SeERPULA TETRAGONA, J. de C. Sow. 


1829. Serpula tetragona, J. de C. Sowerby, ‘ Mineral Conchology ’ vol. vi, p. 203 & 
pl. dxcix, figs. 1 & 2 (two varieties). 

Non 1839. Serpula tetragona, F. A. Roemer, ‘ Versteinerungen des Norddeutschen 
Oolithen-Gebirges ’ Suppl. p. 19 & pl. xx, fig. 17. 

Allied species :— 

1859. Serpula Thurmanni, Ch. Contejean, ‘ Etude de ’ Etage Kimméridien dans les 
environs de Montbéliard & dans le Jura’ p. 227 & pl. xxv, figs. 13-15. 

1873-74. Serpula Dollfussi, P. de Loriol, Mém. Soc. Phys. Hist. Nat. Genéve, 
vol. xxiil, pt. 11, p. 262 & pl. i, figs. 2a—2c. 


The abundant serpule of the Brill doggers all seem to be refer- 
able to fig. 1 of Sowerby’s S. tetragona. The best-preserved 
specimens show an ornamentation of obtusely V-shaped ridges, the 
point directed forwards, which is not indicated by Sowerby ; but, in 
all other respects, they agree with his figure and description. 

1 [Dr. Kitchin has kindly called my attention to another species of Ostrea, 
nearly related to the Brill specimens. This is O. hebridica, E. Forbes, Quart. 
Journ. Geol. Soc. vol. vii, 1851, p. 110 & pl. v, figs. 4a-4¢—A. M. D., 
January 4th, 1907.| . 


— 
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Reemer’s species is differently shaped in transverse section, being 
trapezoidal instead of square, the attached face being the broadest 
and the upper face narrow and distinctly concave. 

S. Thurmanni, Conte}., differs in the more strongly-carinate 

edges, smoother surface, and slightly-smaller size (diameter 1-5 mm. 
Sees of 2 mm.). 8. Dollfussi, de Lor., is decidedly smaller 
(diameter 1 mm.) and straighter than S. tetragona. It may be 
doubted whether these two forms should be regarded as distinct 
species, or whether they should not rather be considered as varieties 
of S. tetragona. 


SERPULA convoLuUTA, Goldfuss. 
1826-33. Serpula convoluta, Goldfuss, ‘ Petrefacta Germanie’ p. 228 & pl. lxvii, 
fig. 14 


Non 1926-38, Serpula convoluta, Minster, Goldfuss, op. cit. p. 232 & pl. lxviii, 

This species does not appear in the lists of Jurassic fossils in the 
Geological-Survey Memoir on the Jurassic Rocks of Britain. It is, 
therefore, probably new to Britain. 

Five specimens were found, four of which were dextral and one 
sinistral. They agree closely with Goldfuss’s figures, which include 
both dextral and sinistral forms. 

Although Goldfuss’s own species and Miinster’s (both Jurassic) 
are described and figured very near together in the same book, 
under the same name, Bronn’s ‘ Index Paleontologicus ’ (p. 1186) 
gives priority to Goldfuss’s name. Bronn, however, identifies the 
species with Vermicularza nodus, Phillips... The rather unsatis- 
factory figure given by Phillips makes this identification possible, 
but V. nodus has been subsequently figured more carefully by 
Morris & Lycett,* and it is certainly not the same as Goldfuss’s 
species. The name Serpula convoluta, Goldfuss, should therefore 
stand. 

Occurrence.—Zone of Exogyra virgula, Brill Brick & Tile 
Company’s brickfield, at the foot of Rid’s Hill, Brill (Bucks). 


[Specimens of Cyprina cyreniformis (?), Ostrea cf. dubiensis, and 
Serpula convoluta, from Brill, have been presented to the Museum 
of Practical Geology, Jermyn Street.—A. MW. D., January 4th, 
1907. | 


EXPLANATION OF PLATE I. 


Fig. 1. Thin transverse section of Belemnites abbreviatus, Miller, Lower 
Kimeridge Clay, Brill; showing the partial replacement of calcite 
by selenite. X15. The unaltered calcite can be distinguished by 
the cleavage-cracks (see p. 33). Original in Dr. Cullis’s Collection. 

2. Thin section of Arngrove Stone (Rhaxella-Chert), Arngrove, Boar- 
stall (Buckinghamshire). X 40. The two varieties of spicules can 
easily be distinguished (see p. 38). 

3. Thin section of the calcareous variety of Arngrove Stone, Warren 
Farm, Studley (Oxfordshire). x 40. (See p. 39.) 


1 «Geology of Yorkshire’ 1829, p. 152 & pl. ix, fig. 34. 
* ‘Great Oolite Mollusca’ Monogr. Palzont. Soc. pt. i (1850) p. 120 & 
pl. xiv, figs. 8a-8 0. 
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Discussion. 


Mr. H. B. Woopwarp congratulated the Author on this con- 
tinuation of his careful researches from lower to higher portions of 
the Thame Valley. Over most of the district now described the 
Geological Survey had recently been engaged, in order to prepare 
a map of the country around Oxford. The brickyard near Brill 
was just beyond the confines of this area, but he had examined it 
two years ago in company with Mr. Lamplugh, and together they 
had obtained from the lowest strata then exposed, the ammonite 
known as Cardioceras excavatum, Grypheda dilatata, Ostrea dis- 
coidea, and Serpula tetragona. ‘These fossils, indicative of the 
Ampthill Clay, had been identified by Mr. E. T. Newton, and the 
record might be taken to supplement the observations of the Author. 
With regard to the Corallian area, Mr. T. I. Pocock had been 
engaged in mapping the region of Studley and Arngrove, while he 
(the speaker) had surveyed the ground near Wheatley and east- 
wards. The cherty rock had proved a useful horizon at the base of 
the Corallian in the northern region, and had been observed at 
Stanton St. John and farther south. Elsewhere to the east the 
boundary of Corallian Clay with Oxford Clay had been a matter of 
difficulty, as the strata and occasional fossils were displayed only in 
_ ditches and ponds. Although some modifications had been made 
in the original geological survey by Mr. T. R. Polwhele, the changes 
were made with the advantages of the labours of Blake & Hudle- 
ston and of the 6-inck maps; and Mr. Polwhele’s field-work and 
recognition of the clayey equivalents of the Corallian rocks were 
deserving of all commendation. Along the eastern boundary there 
was evidence, from well-sinkings, of bands of calcareous sandstone 
that had probably been decomposed along the outcrop. Alluding 
to the specimen exhibited, of Gryphea dilatata with attached Ostrea 
deltoidea from the Kimeridge Clay near Brill, he remarked that, 
when these two came together, the bed in which they were found 
was usually regarded as Corallian. Might not the Gryphea have 
been derived ? 

Prof. Hurt said that he had listened with much interest to the 
paper, and felt gratified that the work of the Geological Survey in 
the Brill district had stood the test of the Author’s examination. 
That work had been carried out by Mr. Polwhele, and was rendered 
specially difficult by the absence (except at the south-western 
corner of the sheet) of the Corallian Oolite. Thus two forma- 
tions of similar material (namely, bluish clay) were brought into 
immediate contact in a country where there were few sections, 
_ rendering it often impossible to decide where the boundary ought to 

-be drawn. In the district of Oxford, west of that surveyed by 
Mr. Polwhele, the Corallian Oolite was sometimes present, as at 
Headington Hill, but in other places absent. This was the case in 
the south of the county near Farringdon, and here he had taken 
the line of the Great Western Railway as the hypothetical boundary 
between the Oxford and Kimeridge Clays, as the simplest and 
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least open to objection—where no sections were exposed at the time. 
As regarded the cause of the occasional absence of the Corallian 
Oolite over some parts of Oxfordshire and adjoining districts, the 
speaker’s view was that it was owing to denudation at the close of 
the Oxfordian Period, as the formation itself must be supposed to 
have been continuous over this region when originally deposited. 

Mr. Wuiraker said that the specimens of selenite were inter- 
esting, especially those of Belemnites in which calcite had been 
replaced by that mineral. He had found a small specimen of the 
kind in the Oxford Clay of Buckinghamshire forty-nine years ago, 
and at a later date had seen many specimens in a pit in the Oxford 
Clay of the valley of the Ouse, several miles above Bedford, but 
had never before seen any from the Kimeridge Clay. There was 
some evidence, from wells, that a stony bed occurred (a little way 
underground) in the clay-tract southward of Brill; and it might 
represent the Arngrove Stone of the Author, although this was very 
doubtful. 

The AurHor thanked the Fellows for their reception of his paper, 
and, in reply to Mr. H. B. Woodward, said that he was not prepared 
to admit the derived character of the Gryphea dilatata to which 
Ostrea delioidea was attached. 


Q.3.G.8. No. 249. eerie 
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3. On the Sxuti and GREATER Porrion of the SKELETON of GoNzo- 
PHOLIS CRASSIDENS from the WHALDEN SHALES of ATHERFIELD 
(iste or Wieut). By Reernatp Watrer Hootzy, F.G.S. 
(Read November 21st, 1906.) 


[Puatss II-IV.] 


I. History or tHE DiscovERY oF THE SPECIMEN. 


In the late autumn of 1904, at a place locally called ‘Tie Pits,’ 
near Atherfield Point (Isle of Wight), a large mass of the cliff, 
comprising many thousand tons of the Wealden Shales, subsided, 
pushing its foot across the beach, until below low-water line. As 
the sea washed away the base, the mass continued sinking, and fresh 
horizons were denuded. In 1905 a series of heavy ‘ ground-seas’ 
cast up blocks of limestone and ironstone, containing crocodile- 
bones, which were discovered oa the sand, between high- and low- 
water marks. The skull came ashore in six pieces, and on as 
many different occasions. 
Scutes and fragments of bones were constantly picked up. One 
- block found by a local fisherman was forwarded to the Sedgwick 
Museum, at Cambridge. After correspondence with Mr. Henry 
Keeping, the well-known Curator, I was put in communication 
with Prof. T. McK. Hughes, F.R.S., who, with great liberality 
and courtesy, wrote that in ‘the interest of scientific progress’ he 
thought that their block should be handed over to me, and this was 
accordingly done. The collection of the skull, etc. would have been 
impossible, but for the aid of Mr. Walter White, the coxswain of the 
Atherfield lifeboat, who obtained the separate portions by visiting 
the beach at every tide. The horizon whence the specimen was 
derived is 80 to 90 feet below the top of the Wealden Shales. 


Ii. History oF tHe British GonriopHoLIpZs. 


The genus Gonzopholis was first founded in 1841 by Owen.’ The 
type-specimen, named by him Gontopholis crassidens, was obtained 
from the Purbeck Beds of Swanage, in 1837, by Robert Trotter, 
F.G.S., and presented by him to Mantell, whose collection is now 
in the possession of the British Museum (Natural History). It 
consists of the left mandibular ramus, teeth, scutes, vertebree, and 
sundry bones of the pelvic region, lying on two slabs of Purbeck 
Limestone, one being the counterpart of the other. 

Mantell had previously, in the 3rd edition of his ‘ Wonders of 
Geology ’ 1839,* made known and figured the fossil under the name 
of the ‘Swanage Crocodile.’ It was described again by him in the 


1 «Rep. Brit. Foss. Rept.’ pt. ii, Rep. Brit. Assoc. 1841 (Plymouth) p. 69. 
2 Vol. i, pp. 887-89 & pl. i. 
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2nd edition of his * Medals of Creation,’* and in ‘ Petrifactions, & 
their Teachings,’ and in other of his works, while it was finally 
more fully described by Owen in 1878.* 

In the Reptile Gallery of the Natural History Museum (Geological 
Department), the same frame contains, not only the two type-blocks, 
but a smaller one, with the impression of the orbital region of the 
skull and a fragment of the frontal bone, situate between the orbits ; 
and the impression and fragments of a moiety of the right ramus. 
This particular block was not referred to by Mantell or Owen. It 
is not mentioned in either of the works cited, nor is it noticed 
in the ‘Catalogue of Fossil Reptilia & Amphibia’ pt. i (1888), 
of the British Museum. When I mentioned this to Dr. A. Smith 
Woodward, he referred to Mantell’s original manuscript-catalogue 
of his collection, where it is noted ; consequently, no doubt as to its 
belonging to the type-specimen can be entertained. 

Separate teeth are figured by Owen.’ He refers to, and figures, 
the greater portion of the premaxille of Goniopholis, revealing 
the almost entire narial aperture, discovered by Mr. G. B. Holmes, 
of Horsham, in the Wealden of Cuckfield (Sussex). He ascribes this 
specimen to Goniopholis crassidens without stating reasons ; but, 
as no teeth are preserved and the premaxille are unknown, it 
could alone have been suggested as belonging to that particular 
species, by the horizon from which it was derived. In the same 
supplement,* Owen simply refers to fig. 5, pl. i, remarking that the 
specimen there figured was from the Purbeck Stone. It comprises 
the anterior ends of the rami, minus the splenials, now in the 
possession of the British Museum. This fossil is also referred to 
Goniopholis crassidens, because of its geological horizon. That this 
was the reason is made evident by his stating,’ in reference to 
three vertebree, that 
‘they were obtained by Mr. Holmes from the same bed of Wealden Clay, 
at Cuckfield, as the teeth and scutes figured in pl. iii, characteristic of the 
genus Goniopholis, to which, therefore, I refer them.’ 

With these latter there were also preserved a caudal vertebra, 
coracoid, humerus, ilium, femur, and other bones. 

The preceding appear to be the only recorded remains of G‘onio- 
pholis crassidens, and, excepting the isolated fragmentary moieties 
referred to that reptile by Owen, the skull was unknown. 


Another species, under the name of Groniopholis simus, was 
described by Owen® from a skull, minus the lower jaw, from 
the Purbeck of Swanage. This particular specimen had been pre- 
viously described by Hulke,” together with a skull and mandibles, 
acquired by Mr. Willett, from the Purbeck of Swanage, and 


Vol. ii (1854) pp. 677-79. 
2 ‘Monograph of the Fossil Reptilia of the Wealden & Purbeck Formations’ 
Suppl. viii (Palzont. Soc. 1878) p. 1. 
3 Ibid. pl. i. + Ibid. p. 4. + [hidep. 5: Ge LUG. Deke 
7 «Note on Two Skulls from the Wealden & Purbeck Formations, &c.’ Quart. 
' Journ. Geol. Soe. vol. xxxiv (1878) pp. 877-81 & pl. xv. 
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ascribed by him to Goniopholis crassidens, but both skulls un- 
doubtedly belong to the species G. semus. 

There is a feature on the skull of the type-specimen which is not 
noted by either of these authors. A bony ridge, from the inner 
anterior border of the orbits, passes across the frontal bone in a 
curve, developing in the centre into a prominent eminence 6 mm. 
high, which in life must have been slightly higher, as the apex is 
gone. It is well defined, and has not been caused by crushing. 

On enquiry of Prof. Louis Dollo, I was informed by him that the 
skull of Goniopholis simus in the Musée Royal d’Histoire Naturelle 
de Belgique, at Brussels, shows no traces of the crest. However, 
this keel is found in Vannosuchus gracilidens as well, and is also not 
noted by Owen. It is interesting to observe that it is also present 
in the recent caimans and the North American alligator, but not in 
any of the crocodiles that I have examined. Thus it appears in 
Caiman latirostris, sclerops, niger, latifrons, and Alligator mississip- 
prensis; while it is absent in Crocodilus niloticus, palustris, porosus, 
robustus, americanus, and in the gharials. 

In 1879* Owen deseribed another species under the name of 
Goniopholis tenuidens, from the anterior portion of a mandible, 
from the Middle Purbeck of Durleston Bay. He estimated the 
jaw of Goniopholis crassidens to have measured about 2 feet in 
length, and G. tenuidens about a quarter of the size; and he differ- 
entiated the latter from G. crassidens and from G. simus by this and 
the greater slenderness of the teeth. 

To four vertebre, Owen gave the name of Gonzopholis carimatus. 
He figured them,” but gave no description. 

The fossils from which these four species of Goniopholis have 
been formed appear to be the only specimens from Britain that 
have been hitherto described. 


Through the kindness of Dr. A. Smith Woodward, and Mr. E. J. 
Baily, of Battle (Sussex), who forwarded the specimen to the Natural 
History Museum, I have been enabled to study the skull of a 
Goniopholis, discovered by the latter gentleman in the Purbeck 
limestone near Battle. The skull is very much flattened, and 
portions of the upper jaw alone remain, much apparently having 
been destroyed at the moment of discovery. 

The premaxille, as far as 13 mm. from the tip of the snout, are 
entire ; but there a small section is missing. The greater part of the 
maxillz and nasals, minus their posterior ends, are preserved. The 
prefrontals, lachrymals, and all other bones are absent, except the 
hinder portions of the frontal and postfrontal, and the anterior of 
the parietal. These latter, and the impress left on the matrix by 
what: is lost, determine the supratemporal fossa to be subquadrate, 
and only slightly larger than the orbits. The articular ends of the 
quadrates remain. 


1 “Monograph of the Fossil Reptilia of the Wealden & Purbeck Formations ’ 
Suppl. ix (Paleont. Soc. 1879) p. 2 & pl. i. 
2 «British Fossil Reptilia’ 1849-84, vol. ii, pl. xiv. 
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The external nares are subterminal. Traces of bony prominences 
occur on the lateral borders of the nares. There are five alveoli on 
each premaxilla, twelve on the imperfect right maxilla, and fifteen 
on the left. Many of the teeth are preserved, and they all show 
the lateral carine and the serrations characteristic of Goniopholis. 
Owen gives the difference in breadth to length of crown, as less in 
Gonropholis simus than in G. crassidens; nevertheless, it is question- 
able whether the teeth are alone sufficient to distinguish one from 
the other, so similar are they. The sculpturing of the skull is 
similar to that seen in G. simus. 

The skull, from the articular end of the quadrate to the tip of the 
snout, measures 578 mm. (23 inches), which is a greater length 
than that of the type-skull of G. stmus. The other measure- 
ments are in corresponding ratio. It was, therefore, an older or 
a more robust individual than the type, to which, considering the 
shape of the supratemporal fosse, the anterior nares and their 
subterminal character, the teeth, and the sculpture of the cranium, 
I have no hesitation in referring it. 

As is well known, the osteology of this species was made familiar 
by Prof. Louis Dollo in 1883," by means of the magnificent speci- 
mens obtained from the Wealden of Bernissart. 


Ill. Description oF THE ATHERFIELD SPECIMEN. 


The skull and bones discovered at Atherfield are remarkable for 
their well-preserved condition and lack of distortion. The skull 
is much as it was in life, and, if found in situ, would have been 
entire. The cranial roof is nearly square to the orbits, the snout 
moderately elongate, and the skull very depressed. Another prominent 
feature is its wedge-shape, there being a gentle rise from the nares 
to the posterior margin of the parietal. Laterally it gradually 
widens ; while the under margins of the mandibles sustain a 
nearly-horizontal line to the angle of the angular bone. Viewed 
from above, the general form is that of the broad-faced Proccelians, 
although, owing to the wide expansion of the cranial roof, the 
tapering appears more acute than it really is. The width between 
the upper temporal arches is much less than that of the lower. 
The upper and lower temporal arches and the parieto-squamosal 
bars are strong, but narrow. 

The interorbital space is wide. The posterior border of the 
skull, as it leaves the outer point of the squamosals, forms a deep 
erescent, the inner horn of which is on the parietal, a third of the 
distance from the parieto-squamosal suture. This is followed by a 
shorter and shallower crescent, with a corresponding larger crescent, 
to the opposite squamosal. 

The whole surface of the skull is magnificently sculptured with 
deep, more or less circular pits, without a free space or any bony 


1 *Premiére Note sur les Crocodiliens de Bernissart’ Bull. Mus. Roy. aaa 
Nat. Belg. vol. ii 1883) p. 309. 
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keels or prominences. There is a deep and large depression 
immediately in front of each orbit, and situated on the maxille. 

The nasals (Pl. Il, a) apparently just reach the anterior nares. 
Rapidly expanding to a width of 57 millimetres, they quickly con- 
tract to 50 mm. from these openings. From here they gradually 
widen, till they meet the prefrontals and frontal, when they taper 
into attenuated points. 

The maxille (PI. II, 6), broad and deeply festooned, resemble 
those ot the recent crocodiles. 

The lachrymals (Pl. Il, ¢) are large. On their hinder ex- 
tremities are two strong ridges, converging forward and divided by 
a deep groove, forming the anterior boundary of the sockets. 

The prefrontals (Pl. I, d) are small. Their outer posterior 
edges take a share in the orbital rim. 

The frontal (Pl. Il, ¢) is quadradiate, a long posterior ray 
uniting with the parietal, and shorter rays with the postfrontals; 
these also bend forward, and form a small section of the orbits. A 
broad anterior ray mects the prefrontals and nasals. 

The postfrontals (Pl. Il, f) are stirrup-shaped, the spur 
meeting the squamosal, and the branches comprising the posterior 
boundary of the orbits, the outer being the longer, reaching the jugals 
and completely bounding the sockets from the infratemporal fossa. 

The squamosals (Pl. Il, g) and the parietal (Pl. II, 2) are 
near in shape to the similar bones in the Proccelians, but the greater 
extent of the supratemporal fossee causes them to throw out longer 
branches. 

The jugals (Pl. Il,z) complete the orbits. From here to their 
union with the quadrato-jugal they are long, slender, rod-like bones, 
with a slight median bend similar to that seen in the Teleosaurs. 

The quadrato-jugals (Pl. II, 7) are also narrow, and carry on 
the bar, made by the jugals, to their union with the quadrate. 

The quadrates are not well displayed. The articular end of 
the right has been destroyed by the sea, and the left is buried in 
matrix and hidden by other bones. 

The supraoccipitals are covered by the atlas and axis, and 
by the matrix. 

Portions of the exoccipitals are to be seen, on each side of 
the foramen magnum. The outer branch of the left is also visible. 
It resembles the same moiety as in the recent crocodiles, with. 
perhaps a broader ledge for muscle-attachment. 

The occipital condyle (PI. III, d), compared with the size of 
the skull, is small, and has no median groove. 

The basioccipital has a very broad longitudinal ridge, from 
the condyle to the median eustachian tube. 

The contour of the external nares (Pl. II, z) cannot be 
determined, for the premaxille have been broken off, excepting a 
small portion which comprises the termination of the nasal floor, 
and a fragment of the posterior extremity of both the right and 
the left. These suggest that they were not subterminal as in 
Goniopholis sumus, and that the nasals just entered their posterior 
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border; also that the premaxille described by Owen’ do really 
belong to Goniopholis crassidens. 

The orbits (Pl. II, 7) are ovoid. Their posterior borders are 
high. Laterally they gradually decline on to the lachrymals. 
Here a deep and wide groove divides them. From the bottom 
of this groove to the summit of the supraorbital rim there is a 
vertical elevation of 49 millimetres (2 inches). 

Any other than a forward vision was precluded. The type- 
skull of Goniopholis simus is so flattened by pressure, and the 
boundaries of the orbits so much destroyed, that it is impossible to 
say how near in this respect they approached to those of the skull 
under consideration: and Prof. Dollo does not refer to this in his 
previously-mentioned description of the Bernissart specimens. 

The supratemporal fosse (PI. II, m) are very large, almost 
twice the size of the orbits. Their inner and posterior margins form 
curves, while their outer and anterior margins are nearly straight, 
forming a right angle at their junction. 

The lateral temporal fosse (PI. IV, fig. 1, a) are large, as is 
also the tympanic cavity (Pl. IV, fig. 2, a). These fossze are 
divided by a postfrontal and jugal bar. The orbits apparently do 
not communicate with them. 

The palatines (PI. ILI, a) continue with nearly the same width 
as when they leave the pterygoids, to half their length. Here they 
expand, meeting the maxille 31 mm. from the front extremity of 
the palatal fosse. Their posterior extremities form only the extreme 
anterior boundary of the posterior nares, for they immediately 
connect with, and become exterior to, a process thrown out by the 
pterygoids. 

The pterygoids (Pl. III, 6) have their posterior borders much 
damaged. They appear to widen gently from their median suture, to 
their contact with the mandibles. Here they have a short expansion, 
_ then curve inwards to the palato-pterygoid vacuity. Anteriorly, 
they throw out a process which forms the lateral borders of the nares, 
and outwardly a portion of the margins of the palatal fosse. 

The transpalatines (Pl. III, c) sweep round from the ptery- 
goids to the maxille, narrowing the hinder breadth of the palatal 
vacuities. Their surface on their inner and outer moieties is 
concave, and convex on the median. 

The posterior nares (Pl. III, f) are divided by a pterygoid 
septum, and are twice as long as wide. The palatines border only 
their extreme anterior point, the pterygoids forming the remainder 
of their margins. 

The median eustachian canal (Pl. III, g) is large. It is 
situated wholly on the pterygoid plane, very near to the posterior 
nares. 

The palato-pterygoid vacuities (Pl. III, ¢) are long and 
oval, with their posterior end contracted by the inward curve of 
the transpalatine bone. 


_ 1 ©Monograph of the Fossil Reptilia of the Wealden & Purbeck Formations ’ 
Suppl. viii (Palzont. Soc. 1878) p. 4 & pl. i. 
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The maxillo-palatine suture leaves the palatine suture at 
right angles, and at a distance of 30 millimetres from it turns 
sharply, keeping a straight line parallel with the latter, until near 
the palatal vacuity, where it doubles back at an acute angle, and 
immediately enters the vacuity. 

The premaxillo-maxillary suture is hidden by the sym- 
physial extremity of the mandibles. 

The mandibles (Pl. IV, fig. 1, c) are long and slender. They 
have no vacuity. The incisary region is well raised, and sinks 
rapidly to the laniary. There is no, or only a slight, elevation in 
the median region of the alveolar tract; they rise without further 
undulation to their articular end. The alveolar tract extends 
probably some 288 millimetres (11-33 inches). 

The symphysis is short. The mandibles at this end are heavy 
and broad, their outer margins being very square. At almost 
regular intervals up either side of the symphysis are a series of pits 
in line, and deeper than any in the immediate area. 

The splenials (Pl. ILI, z) enter well into the symphysis. 

There are only two teeth preserved, both in the hinder region 
of the maxille, one in the right, the other in the left. They are both 
small. They have the characteristic ridges and well-developed 
carinz, laterally, midway between the concave and convex sides. 
_ As the mandibles are firmly fixed against the upper jaw, and the line 
of junction is filled in by matrix and pyrites, the dental formule 
cannot be ascertained. 

The alveoli that are visible prove the teeth to have been very 
unequal in size, and the upper overbit those of the lower jaw. 

The atlas and axis vertebre (Pl. Il,o & p) are cemented by 
the matrix and pyrites to the occipital region of the skull, above 
the condyle. The neural arch of the atlas and the distal ends of 
the floating ribs are preserved, but they cannot be fully exposed 
without damage. 

The odontoid bone is united to the centrum of the axis. Com- 
pared with the latter, it is large. Its anterior articular surface is 
slightly convex. At this end it has a strong broad ridge, laterally 
and ventrally. The centrum of the axisissmall. The neural spine 
of the axis is missing. Both the atlas and the axis vary little 
from those of recent crocodiles. 

Four more or less perfect cervical ribs are also embedded here. 

The third cervical vertebra (Pl. IV, fig. 2, 6) is lying in the 
matrix in the pelvic region. The fourth, fifth, sixth, and portion 
of the seventh cervicals (Pl. IV, fig. 1, d-g), and the proximal 
ends of their ribs, are contained in a small block of rock, showing a 
recent fracture posteriorly. : 

The next block has a similar face anteriorly. The portion that 
filled the gap has not been recovered. On this block, and on three 
others all exactly fitting on to each other, are a part of the sixth, 
the seventh, eighth, ninth, tenth, and eleventh dorsal’ (Pl. IV, 


1 The number of cervical and dorsal vertebre is here taken to be equal to 
the number of the corresponding vertebre in Goniopholis simus. 
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fig. 2, c), four lumbar (Pl. IV, fig. 2, d), and the first sacral 
(PL IV, fig. 2,e) vertebree, in consecutive series, many sternal and 
Abdominal aplint ribs, the left coracoid, the left humerus, the right 
and a moiety of the left ilium, right ischium, and the two femurs. 

All the vertebre are amphiccelous, otherwise they approach in 
form closely to those of the recent crocodiles. The neurocentral 
suture rises from behind forward in the cervical. It is convex in 
the dorsal and lumbar, while in the first sacral it is sigmoid. 

There are eight right thoracic vertebral ribs (Pl. LV, fig. 1, h) 
and four left, more or less perfect. Many of the cartilaginous 
sternal ribs lie scattered in the matrix between the vertebral 
ribs, some being well exposed. Four of the abdominal splint ribs 
(Pl. IV, fig. 1,7) are preserved. 

The coracoid (PI. IV, fig. 2,9) is very elongate. It has a slight 
expansion at its ventral end. 

The humerus (PI. IV. fig. 2, 2) is a very powerful bone. The 
deltoid ridge is not displayed. It is 25 millimetres shorter than the 
femur. Owen’ gives further particulars of this bone. 

Embedded in the matrix on the right of the skull, under the 
squamosal, lie the distal ends of the radius and ulna, and (?) the 
radiale and ulnare. There is a portion of the shaft of a limb-bone 
visible in the left supratemporal fossa, as it passes from the base 
of the skull towards the left orbit. 

The ilium (PI. IV, fig. 1, %) has the pre-acetabular portion short, 
and the post-acetabular very long and strongly curved. Owen 
describes it (op. cit. p. 3) as being ‘broader than in the existing 
Crocodilians.’ The acetabular region is a shallow concavity, with 
plenty of space for the play of the femur. On the summit of the 
crest the bone is considerably thickened, and the spinous process 
very highly developed. 

The ischium (Pl. IV, fig. 2, 2)is short. Proximally it is much 
bifurcated. Its distal end is moderately broad. 

The distal end of one of the pubic bones has alone been recovered. 

The femur (Pl. IV, figs. 1 & 2, m & 7) has the usual Crocodilian 
characters, with the inner portion of the proximal condyle and the 
median trochanter more strongly developed. 

Twenty consecutive right dorsal scutes (Pl. IV, fig. 1, p) and 
several of the median ends of the left lie in the natural position. 
Two of the scutes on the right show well the characteristic 
pegs. ‘There are also nine scutes of the ventral buckler, joined 
by their sutures. Numerous dorsal, ventral, and other scutes 
are scattered throughout the matrix. They call for no detailed 
description, as their characters are well known. 

The portion of the axial skeleton obtained, that is, from the tip 
of the mandibles to the posterior end of the first sacral, measures 
1:505 metres (4 feet 114 inches); and, if we allow for the missing 
cervical and dorsal vertebre 1-930 metres (6 feet 4 inches), the total 
length of the reptile must have been about 34 metres (114 feet). 


* «Monograph of the Fossil Reptilia of the Wealden & Purbeck Formations’ 
Suppl. viii (Paleont. Soc. 1878) p. 5. 
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TV. AGREEMENT oF THE ATHERFIELD FossiIL with THE TyYPE- 
SPECIMEN OF G‘ONIOPHOLIS CRASSIDENS, 


As previously noted, the impression of the skull on the slab 
containing the type-remains had never been described. Further, it 
has been seen that the known portions of the skull of Goniopholis 
crassidens consist of teeth and part of the left mandibular ramus ; 
for the fragments cf the mandibles described and figured by Owen 
were, as before stated, apparently referred to this species because 
they were discovered on the same geological horizon. With the 
ramus, teeth, and odd bones of the type, the Atherfield fossil agrees. 
The impression of the cranial surface on Mantell’s slab begins 
near the position of the parieto-frontal suture, and embraces the 
outline of the anterior moiety of the left supratemporal fossa 
and portions of the pre-frontals, lachrymals, nasals, and maxille. 
No trace of the sutures of these bones is to be found, and so their 
form cannot be determined. The anterior outline of the orbits can 
be fairly judged. 

So far as can be ascertained, the orbits longitudinally and trans- 
versely, and the measurements of the impression of the left inner 
anterior corner of the left supratemporal fossa, agree with the 
Atherfield skull. The sculpturing, the contours of the orbits, the 
- slightly-concave interorbital space, and its elevation as it nears the 
orbital rim, likewise are close to that of the Atherfield cranium. 

With the impression was a fragment of bone, across the inter- 
orbital tract, near the position where the keel noted in Goniopholis 
simus occurs. It seemed possible that its presence might be due to 
a similar ridge having given an extra grip on the matrix. 

On my calling Dr. A. Smith Woodward’s attention to this possi- 
bility, he deemed it important enough to have the fragment removed, 
with the result that no keel was discovered, but a concave pitted 
surface as in the Atherfield skull. 

From these considerations I have no hesitation in assigning the 
Atherfield remains to Goniopholis crassidens. That being so, I shall 
endeavour to demonstrate that the skull of G. crassidens differs in 
many important particulars from that of G. simus and other Gonio- 
pholide, and hereafter shall refer to it as Gonzopholis crassidens. 


VY. CoMPARISONS BETWEEN THE SKULLS OF GONIJOPHOLIS CRASSIDENS 
AND G. SIMUS. 


(1) In its dimensions the skull of G. crassidens is a third greater 
than that of G. stmus. The general outline is similar. 

(2) In G. crassidens the supratemporal fossz are twice the size 
of the orbits, in G. simus only slightly larger. 

(3) In G. crassidens they are subcircular, but subquadrate in 
G. sumus. 

(4) Deep pre-orbital depressions exist on the maxille of G. cras- 
sidens; mere traces in G. sinus. 
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(5) The lateral temporal fosse and tympanic cavity are greater 
in G. crassidens than in G. stmus. 

(6) Absence of an inter-orbital ridge in G.crassidens ; its presence 
in G. simus. 

(7) The nasals, anteriorly, in @. crassidens widen till near the 
constriction, whence they quickly converge to the anterior nares, 
the posterior border of which is apparently reached. In G. simus 
they do not broaden, and on reaching the premaxille rapidly con- 
tract to an acute point 27 millimetres from the anterior nares. 

(8) In G@. crassidens, the binder extremities of the premaxille 
are very blunt, and probably do not extend 29 mm. beyond the 
anterior nares. In G. simus they are very sharp, terminating 
where the nasals begin to narrow, 70 mm. from the anterior nasal 
opening. 

(9) In G. crassidens the surface of the skull is deeply and uni- 
formly pitted, without any other sculpturing. In G. simus it is 
neither so uniformly nor so deeply pitted. Moreover, the nasals 
have a crinkled surface anteriorly and posteriorly, and are almost 
free from pits, and those that occur are very shallow. The frontal 
is also crinkled at its juncture with the nasals, while behind this to 
the orbits it is quite smooth and free from ornamentation. 

(10) In G. crassidens the posterior nares are twice as long as 
they are wide, and, except their extreme anterior margins, are 
entirely formed by the pterygoids. In G. semus they are narrower, 
and a third of their border is formed by the palatines. 

(11) The form of the palatines reveals a remarkable dissimilarity. 

In G. crassidens the pterygo-palatine suture rises acutely from 
the posterior end of the suture connecting the palatines to the 
palatal fossa. In G. simus it is nearly horizontal, with a crenated 
contour. 

In G. crassidens the lateral margins are almost parallel, only 
slightly expanding as they approach the maxille. In G. simus 
they soon commence to dilate,and continue to widen to the maxillo- 
alveolar border. 

In G. crassidens, the palato-maxillary suture leaves the palatal 
median suture at right angles, and, keeping horizontal for 31 mm., 
turns at a right angle, parallel with the median suture until near 
the pterygo-palatal vacuity, where it doubles back at an acute angle 
into that fossa. 

In G. simus the course of this suture is quite different. Owen’ 
thus describes it :— 

‘The palato-maxillary suture is strongly sigmoid, describing as it leaves the 
mid-line a convexity forward, then a concavity.’ 

In addition to these differences in the skulls, the dimensions 
of Goniopholis crassidens are one-third greater than those of 
Gt. sumus. 


* * Monograph of the Fossil Reptilia of the Wealden & Purbeck Formations ’ 
Suppl. viii (Paleont. Soc. 1878) p. 8. 
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VI. Comparisons WITH GONIOPHOLIS TENUIDENS, NANNOSUCHUS, 
AND OWENIASUCHUS. 


Goniopholis tenuidens (Owen). 


The anterior end of the mandibles is the only portion of the skull 
that is known ; this reveals no agreement with the same moiety in 
G. crassidens. It differs by its: 

(1) Much smaller size and by the contour of the alveolar tract. 


(2) The high elevation of the incisary and median regions of the 
alveolar tract, and its deep laniary concavity. 


(3) The sharp and more slender teeth. 


The Genus Nannosuchus (Owen). 
Agrees in: 
(1) The general form of the skull. 
(2) The articulation of the dorsal scutes. 


Differs in: 
(1) The small size of the skull. 
(2) The shape of the supratemporal fosse. 


(3) The relative magnitude of the orbits to the supratemporal 
fossze. 


(4) The outline of the posterior border of the skull formed by 
the parieto-squamosal bar. 


(5) The presence of an interorbital ridge. 
(6) The presence of a supraorbital bone. 


(7) The form and length of the nasals and their non-entrance 
into the nares. 


(8) The recurved slender teeth. 
(9) The form of the dorsal scutes. 


The Genus Oweniasuchus (A. Smith Woodward). 


Agrees in: 
(1) Mandibles similar in form, and their deeply-reticulated 
posterior external surface. 
(2) The absence of a mandibular vacuity. 
(3) The very slight laniary concavity. 


Differs in: 
The short extent of the alveolar tract. 
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VIL. MEASUREMENTS OF THE TyPE-SKULIS OF 
GONIOPHOLIS CRASSIDENS AND G. SLMUS, IN MILLIMETRES. 


G. crassidens, G. simus. 


Length, articular end of quadrate to tip of snout ......... =e 415 
Length, occipital condyle to tip of symphysis ............ 544 a 
Breadth between extreme outer points of squamosals ... 205 149 
Breadth of roof across posterior border of supra- 

RETA Qietl OSGIO cen oa cmee ncide cen seenastaedceas- 0 sAamcinint dase: 258 
MOM AMPEG ORGS scat faces soe aca acatesecanuncacaaned 230 
Breadth between inferior-temporal arcades, across pos- 

terior border of supratemporal fosse ................00085 339 
Breadth across anterior points of orbits .................0065 196 oat 
iBeca dia’ bebweem festoomS: . 6 2e eae tees tanen ev emoeienyedenme 159 ace 
‘Breagih: between .constricblons 4.4622 sec ec e-ceee semen dsgaenns ae 64 
Longitudinal diameter of supratemporal fosse ............ 90 44 
AM eam VERSE 1G Ole 52) ete ence eae asa eee Sate Sassen foe ealy 90 40 
Longitudinal diameter of orbits ................ccceseeeeeeeee 67 46 
EM FanSVOrse: CO. osacescepet acerca de de ncaceccesscansecla saws racele lia 49 33 
Longitudinal diameter of posterior nares .................- 50 44. 
Hi aTISVEMSC G2 ec acetone dedane con saps ios tiscnncanee vied asch «coer 25 8 
Longitudinal diameter of palatal fossee ...................04 197 
AD ANI SMELSENG Ot seca a aciaeae Maven eee rie sont daictoesn he Cdeinania' te 70 


Length from angle of angular bone to tip of symphysis... 597 
Breadth of mandibles across posterior end of posterior 


LES ets oh gees ee Ooh NR Bact RS ING Ni oe oma AR a a RO 330 
Doz posterior enG-ob symuPNYSIS 2. 2..- 122 Jaceeoseenceeedan sce 108 
Greatest breadth of symphysial end of mandibles ......... 142 
Benet nian sympnysigeree sacs asue sais scesac nessa se attacnc «5 85 
Length along which splenials merge into symphysis ...... 35 


Where the measurements are not stated, this omission is because 
the corresponding portions of the skulls are either too badly pre- 
served for accuracy, or are missing. 


VIII. MesasuREMENTS OF THE MORE IMPORTANT BONES OF THE 
SKELETON OF G‘. CRASSIDENS, IN MILLIMETRES. 


Antero-posterior diameter of odontoid bone ...... 25 
IDGRSO-VOMUPANG OF spe asee cect eeer acetese cee knn = vloceae 49 
Antero-posterior diameter of centrum of axis ...... 48 
DOEsO=vemiraly Os sie so Nese adicsertn ema senadsexcsenss 30 
Ene fhe OC ORACONO peice caso esac las ea aaelee dene eia wens 180 
deme thy Of: MUTE RWS costa, Nowe ee asst esos ansaceneaieete 280 
onmbhy OR Mines eet sats mana sstn ance wecnenkens 207 
emai hvomisecmuinien nce. cto a be Asoc craven pudencet ss 135 
Breadth of proximal end of ischium .................. 70 
Breadth of distal end of ischium ..................... 105 
Benet hiy ol; fOnmUle Poe Me Nene ake doe ae tac cnccaetannotelea’s 305 


IX. Conctupine REmMARKs. 


In conclusion, I would observe that we have here a crocodile 
in which the vertical elevation of the orbits is greatly more accen- 
tuated than in the Teleosaurs or other Amphiccelians, and very far 
removed from the everted orbits of the Proccelians. Their direct 
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frontal aspect curtailed the arc of vision, and it would seem that the 
creature’s prey, or foes, were in an unobserved position when once 
behind the orbits. 

In the greater length of the femur than of the humerus, and the 
deep depression on the hinder extremities of the maxillze, which are 
evidently the vestiges of preorbital vacuities, Goniopholis crassidens 
is nearer the Teleosaurs than G. stmus, but is farther removed than 
the latter from them in the position of the posterior nares. 

Considering the massiveness of the head, and the weight which 
its heavy armour must have given to the body, the length and 
slenderness of the mandibles is remarkable. It is surprising how 
they withstood the strain occasioned in a combat with, or the 
capture of, the creature’s more powerful congeners. 

The reptile was capable of a gape of over a metre. 

The presence of the interorbital keel, found in all the American 
alligators, is probably the developed trait peculiar to a line descended 
from the Goniopholide. 


My thanks are due to Dr. A. Smith Woodward, F.R.S., for much 
kindness and help in the preparation of this paper. 


EXPLANATION OF PLATES II-IV. 


Prats IT. 
Dorsal aspect of the skull of Goniopholis crassidens. 4 nat. size. 
a@=nasals; 6 = maxilla; c = lachrymal; d = prefrontal; e = frontal; 
Jf = postfrontal; g = squamosal; h = parietal; ¢ = jugal; 7 = quadrato- 
jugal; £= nasal passage ; 7 = or bit ; m= supratemporal fossa; 7= right 
mandibular ramus; o = atlas; = IDS axis ; g=1st & 2nd right cervical ribs ; 
7 = distal end of ulna ; s = distal end of radius. 


Prats IIT. 
Ventral aspect of the same. i nat. size. 


a=palatine ; b=pterygoid ; c=transpalatine ; d= eel condyle ; e=palato- 
terygoid vacuity ; j= posterior nares; g = median eustachian canal ; 
=dentary ; i=splenial : Jj = angular. 


Puate LY. 
Fig. 1.—Right lateral aspect of the skeleton of Goniopholis crassidens. 

aan nat. size. 

a=lateral temporal fossa ; 6 = jugal and quadrato-jugal bar ; ¢ = mandible ; 

d = 4th cervical vertebra: é = 5th cervical vertebra ; a 6th cervical 
vertebra; g = portion of 7th cervical vertebra ; h = vertebral ribs ; 
¢= sternal ribs; 7 = abdominal splint ribs & = ilium; 7 = ischium; 
m = femur; ” = proximal end of tibia; o = distal end of tibia; 
p = dorsal scutes ; gy = ventral scutes. 


Fig. 2.—Left lateral aspect of the same. 3) nat. size. 
a= external auditory meatus; 6= 3rd cervical vertebra; c = dorsal ver- 
tebree ; ¢d = lumbar vertebre ; e = Ist sacral vertebra; / = sternal ribs; 
g =coracoid; 4 = humerus; z= ischium; 7 = femur; & = cervical 
scutes. 


Quart. JourN. GEOL. Soc. Vor. LXIII, Pr. II. 


i nat. size. 


R.W.H., Photo. Bemrose, Collo. 


DORSAL ASPECT OF CRANIUM OF GONIOPHOLIS 
CRASSIDENS. 


. * [ae 


Quart. Journ. Geot. Soc. Vor. LXIII, Pc. Ill. 
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+ nat. size. 


R.W.H., Photo. Bemrose, Collo. 


VENTRAL ASPECT OF CRANIUM OF GONIOPHOLIS 
CRASSIDENS. 
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*  Duscussion. 


Dr. Surra Woopwarp congratulated the Author on his first 
contribution to the Society’s Proceedings. -It was an illustration of 
the importance of local collectors for the progress of Paleontology. 
Although the remains of Gonopholis crassidens were among the 
commonest of Wealden fossils, the precise characters of the species 
had remained unknown, until the discovery which the Author had 
now described. The new observations were of all the greater value, 
because the Goniopholide represented an entirely-new departure in 
the evolution of the Crocodilia at the end of the Jurassic Period ; 
and biologists needed an exact knowledge of the skeleton of these 
reptiles, before they could discuss the meaning of the development 
in question. The late Sir Richard Owen thought that the first 
appearance of alligator-shaped crocodiles, such as Goniopholis, was 
correlated with the incoming of warm-blooded quadrupeds and birds, 
which would form a new kind of prey. 

Mr. E. T. Newton remarked on the interest of this specimen, in 
that it supplied for the first time the skull of Gonzopholis crassidens, 
which species had been established chiefly on the peculiar form of 
the scutes. The skulls that Hulke had described in 1878, one 
of which he thought might belong to G. crassidens, were now 
shown to be quite different, and would both be included in the 
species G'. simus, one of them having been so named by Owen. He 
alluded to the fact (first recognized by Huxley, and later on by 
Hulke) that the position of the posterior nares, far back upon 
the palate, in these Wealden crocodiles was an intermediate one 
between those of the Lower Jurassic crocodilians, in which these 
openings were farther forward, and those of the Tertiary croco- 
dilians, where, by the closing-over of the pterygoids, the nares 
came to be placed on the hinder aspect of the skull, as in recent 
crocodiles. 

Dr. C. W. AnprEws congratulated the Author, both on his good 
fortune in finding such valuable material, and on the paper that he 
had read. The chief interest of the specimen described seems to be 
that it completes our knowledge of Gonopholis crassidens, and 
shows that that species is in several respects intermediate between 
G.. simus and the modern Crocodilia. Indeed, some of the characters 
distinguishing it from G‘. semus seem to be of sufficient importance 
to justify the separation of the latter species as a distinct genus. 

The AvurHor, in reply, said that he agreed with the last speaker 
that the characters of the nasals, palatines, and supratemporal 
fossee were perhaps sufficient to separate the other described species 
from the genus Goniopholis; but, as the teeth of all the specimens 
agreed in possessing serrations and lateral carinee—the characters 
laid down by Owen, he thought that it was better to leave them as 
they were for the present, rather than to multiply genera. The 
Author returned thanks for all the kind remarks that had been 
made in regard to his paper and his work. 
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4, Nores on the Ratsep Bracuzs of Tatrat (Norruern Cure). 
By Oswatp Harpry Evans, F.G.S. (Read December 5th, 
1906.) 


Ir is well known that the coast of Western South America presents, 
practically throughout its entire length, phenomena usually con- 
sidered as being evidences of recent elevation, and the researches 
of Darwin long ago rendered familiar the shell-beds and terraces of 
Coquimbo, Huasco, Caldera, and other localities on the Chilian sea- 
board. Between Caldera and Iquique, however, the coast-phenomena 
have had little more than passing references bestowed upon them, 
the minor settlements of the Atacama Desert being seldom visited 
by travellers until of late years. 

At Iquique, Darwin * found shells at a height estimated between 
150 and 200 feet, and A. d’Orbigny* observed recent shells in Cobija 
at 300 feet above sea-level. David Forbes* states that, between 
Mexillones and Arica, the evidences of elevation above 40 feet are 
unsatisfactory. 

During a residence of two years at Taltal, I devoted much of my 
leisure to the study of the geology of the district. In communi- 
cating the following observations on the raised beaches, I have to 
mention with regret the entire loss of all my notes and photographs 
and practically the whole of my collection of fossils, in the Valparaiso 
earthquake of August 16th, i906. Having, therefore, to depend 
almost entirely upon memory, I have been careful to confine myself 
to statements which I know to be correct, but am nevertheless fully 
conscious of the imperfection of the paper necessarily resulting from 
the lack of my original notes. 


The town of Taltal, formerly insignificant but becoming daily of 
more importance as a port for shipping nitrate, is situated at the 
head of a small bay formed by the rugged hills and reefs of Punta 
Taltal. It is built partly in the dry bed of a broad river-valley, 
and partly along a gently-inclined plain that fringes the bays of the 
coastal ranges far to the northward, running up the broader valleys 
to a considerable height and distance from the coast. 

Wherever sections reveal the structure of this plain, it is seen to 
consist of sand and well-rounded gravel, derived from the harder 
varieties of the felsitic, porphyritic, and dioritic rocks of the 
adjacent hills, but containing also, near the mouths of former rivers, 
a lesser proportion of material derived from farther inland ; and it 
is mingled with recent shells, sometimes sufficiently numerous to 
form distinct beds. Isolated well-rounded boulders of great size 
are common, more especially where the mountains approach the 


1 *Geological Observations ’ 2nd ed. (1876) chap. ix, p. 265. 

2 Voyage dans l’Amérique Méridionale: Géologie’ 1842, chap. vil, p. 95. 

3.*On the Geology of Bolivia & Southern Peru’ Quart. Journ. Geol. Soc. 
vol, xvii (1861) p. 9. 


—— 
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sea; in some places these boulders occur in well-defined lines of 
ancient beach. At the present sea-level, boulder-beaches are 
common, and form a striking feature of the coast-scenery. 

The width of this plain, and the altitude of its junction with the 
foot-hills of the mountains, varies considerably ; behind the town of 
Taltal it reaches to about 200 feet above sea-level. The strata dip 
at a gentle angle towards the sea. The surface is thinly covered 
with angular fragments of talus from the hills, while here and 
there the subjacent massive rocks break through in curiously- 
weathered remnants of former stacks and islets. Beyond a few 
stunted cacti and desert-shrubs, the plain bears no vegetation, for 
the formation is impregnated with saline substances. 

This inclined plain does not rise from the sea to the hills without 
interruption. Evidences of alternating upheaval and quiescence 
remain in lines and patches of shells, obliterated in many places and 
becoming more obscure as the higher levels are reached; sufficient 
remains, however, to enable me to make out clearly three successive 
terraces, and two other more obscurely, all of them containing, so 
far as 1 am competent to judge, molluscan and other remains, in 
every respect resembling those of the present sea. 

Measured along the same line of section, the edges or cliffs of the 
main shell-beds are situated respectively at 15, 80, and 200 feet 
above sea-level; I do not state these altitudes as more than approxi- 
mations, since denudation has rendered their outlines very obscure. 
The ‘island’ rock-masses contain in their hollows, and protected 
under the talus of their summits, ‘ outliers’ of the earlier terraces, 
the main development of which is observed farther inland. 

In many places where no shell-beds now remain, further evidence 
of former marine action is seen in a shelf of varying width cut 
along the rocky coast, and also in a line of shallow caverns. A few 
miles to the north of Taltal, at a place called Paso Malo, there are 
two picturesque caverns of considerable size, excavated in igneous 
rock: the mouth of one is now high above sea-level ; into the other 
the waves rush at high tides over gigantic boulders, the haunt of 
seals and sea-otters. ; 

At greater elevations than 200 feet the accumulations of shelly 
matter tend to become more and more obscure; for, although 
calcareous masses occur at considerably-greater heights, I could 
find no indication of their suspected organic origin, and these may 
well be the surface-deposits of former springs. 

Shells of very ancient appearance are scattered at all elevations 
and far inland, but these are almost certainly due to the habits of 
the former Chango inhabitants and to shore-feeding birds. The 
quantity of molluscs and echini eaten by the lower-class Chilians of 
the present day is astonishing, and this must have been the case to 
a much greater extent when such material formed the chief article 
of food. The mysterious activity of the vanished natives is some- 
times rather puzzling in its results. Thus, on one occasion at 
Taltal, I found a large and weathered block of comminuted shells 
at the very summit of a hill 800 feet high. 


Q.J.,.G.8. No. 249, =: 
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When examined more closely, the Taltal shell-beds present some 
interesting features. I will take those of Punta Taltal as an 
illustration. 

Punta Taltal was formerly an island of igneous rock, separated 
from the mainland by a strait some hundreds of feet wide. The 
gap is now bridged over by a raised beach, consisting of entire and 
broken shells, covered with a layer of big rounded boulders, the 
whole indurated by a calcareous cement derived trom the decom- 
position of the shells. Bones of the whale are by no means 
uncommon in this deposit. Throughout the bed, the different 
genera of molluscs are curiously localized ; thus, one part consists 
mainly of Pecten, another of Oliva and Turrttella, while elsewhere 
Concholepas or Pectunculus may predominate. An important 
feature is, that many of the lamellibranchs have their valves united 
as in life. The commonest shell in the modern and ancient beaches 
is the Concholepas. Certain shells, more particularly the Olive, have 
their substance entirely converted into crystalline calcite exhibiting 
its characteristic cleavage. A curious change has taken place in 
portions of the lower beds, where they are exposed to the action 
of spray from the heavy breakers. Here, in many instances, the 
shell itself has been removed, and replaced by a delicate internal 
cast, so sharply taken that the faintest markings of the vanished 
valve are perpetuated, even to the delicate impressions of the 
polyzoa that formerly grew within it. Im the case of the Turritelle 
the effect is reminiscent of the Portland ‘ screw-stones.’ 

It is very noteworthy that some of the fossils are actually replaced 
by internal casts of saline matter, with which, as I have said, the 
formation is impregnated. ‘These curious pseudomorphs are rather 
scarce, and, being quite soluble in water and very fragile, seem to 
have owed their preservation to the shelter afforded by big 
boulders from percolating rain-water. Lower down in the same 
section there was much gypsum, and here the mass becomes very 
hard. Most of the shells are bleached quite white, but even in 
the older beaches at a high elevation, shells resembling Chlorostoma 
retain their colour. 

The upper layer of rounded boulders gives rise to strange forms 
where subjected to marine erosion. Along the cliff, for a consider- 
able distance, the boulder-bed overhangs the sea in an inclined 
ledge; and, where portions of the raised beach are isolated, they 
assume a mushroom shape, a broad cap of the conglomerate being 
left supported by a comparatively-sleuder pillar of indurated shelly 
matter. 

In his ‘Geological Observations on the Coast of South America’ 
Darwin’ described a rock in the calcareous beds of Coquimbo, 
locally known as ‘losa,’ as consisting of minute hollow capsules, 
showing evidence of having been formed round fragments of shell. 
This feature is well exhibited in some of the Taltal raised beaches, 
where the material is locally made use of, to a small extent, to form 


1 2nd ed. (1876) chap. ix, p. 248; also chap. vii, p. 162. 
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rough but effective filters, blocks of the ‘losa’ being cut into the 
shape of hollow cones. I do not know that any explanation of this 
structure has yet been advanced, but I hazard the suggestion that 
it involves the solvent action of percolating rain-water upon 
aragonite-shell, and the subsequent deposition of the carbonate of 
lime in the form of the more stable calcite. 


Another feature due to the recent elevation of the coast relative 
to the present sea-level may be mentioned. The massive rocks of 
the coastal region are traversed by innumerable steep-walled 
‘ quebradas’ or ravines, formerly carrying torrents but now almost 
wholly dry. From what I could learn from old residents, it is only 
at rare intervals that sufficient rain falls to permit of the temporary 
formation of streamlets reaching the sea; and, generally, it may be 
said that erosive action due to atmospheric water is almost at a 
standstill in this part of the coast. The existence of these profound 
ravines may be brought forward as a strong argument in favour of 
a more humid climate in the Atacama Desert at a former period than 
now. The feature to which I refer, is the manner in which the beds of 
most of the minor quebradas suddenly alter in inclination and become 
precipitous as they approach the sea. Were streams suddenly to 
start running in these old gorges, they would terminate in water- 
falls. In the larger and more open guebradas, of which the beds 
are less inclined, this feature, if it exists, is hidden under the 
aceumulations of gravel previously described as the coastal plain. 

Where the small and steep ‘ quebradas’ debouch upon the plain, 
they cut through the terraces and plain of the superficial formation 
and lay bare the rock-floor. If we take into consideration the com- 
parative inactivity of the erosive agencies, this fact would appear to 
indicate that the shell-terraces thus cut through are of considerable 
antiquity. They certainly all existed prior to the Spanish occupation, 
since they are covered with the graves, implements, pottery, and 
‘kitchen-middens’ of the now extinct Changos, who never, as a 
people, got beyond the Stone-age culture. There are no graves 
below the 15-foot terrace. On the other hand, arrow-heads and 
flakes of chalcedony, sometimes actually rounded and rolled, are 
numerous immediately above the present beach and almost within 
reach of exceptionally-heavy surf; but whether or no they have 
travelled down from the upper level, it would be difficult to decide. 


It may, perhaps, not be out of place to mention in conclusion 
that certain beds found at great altitudes, as at Talcahuano, which 
have been cited as proofs of a recent elevation to this extent, can, 1 
think, be shown to be accumulations of human origin. In two such 
instances I found pottery and stone-implements mingled with the 
shells, in such a manner as to suggest that the latter formed part 
of extensive ‘ kitchen-middens.’ Having thus learned caution, I 
think that some of these recent shell-beds at an elevation of 
1000 feet and upwards might repay re-examination. 


FQ 
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Discussion, 


Dr. J. W. Evans welcomed a further contribution to our knowledge 
of the elevation that had taken place in recent times on the western 
coast of South America. The occurrence of the united valves of 
lamellibranchs in raised beaches testified to the suddenness of the rise, 
for they would have been at once severed if exposed to the powerful 
Pacific surf. He himself had found Balanz in raised beaches, in 
Northern Peru, with all the plates in position. 

With regard to the question of a recent period of greater rainfall 
in Northern Chile, he suggested that torrential rains at long in- 
tervals might account for the formation of the channels that the 
Author had described. 

The AvurnHor, in reply, thanked the President and Fellows for 
their courteous reception of his paper, and the previous speaker for his 
remarks upon it. The erosive action due to violent storms of rain 
occurring at long intervals might certainly be very considerable in 
beds of such friable material, and this would have to be taken into 
account in attempting to determine the age of the raised beaches. 


—— 
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I. Inrropuction. 


In the summer and autumn of 1905 the volcanic districts of 
Catalonia, Sardinia, Pantelleria, and Linosa were visited by me, 
and their rocks collected under the auspices of, and with the aid of 
a grant from, the Carnegie Institution of Washington. During the 
past year, the abundant and representative material thus brought 
together has been the object of microscopical and chemical study, 
which is still in progress. The final results of these investigations 
are to appear elsewhere, as separate papers dealing with the rocks of 
the several districts; but some observations and conclusions of a 
general character appear to be sufficiently well-established, and of 
enough interest, to justify their publication in advance of the more 
detailed descriptions. 

It is the object of the present communication, which I have 
the honour of laying before the Society, to call the attention of 
petrologists to the existence, in the Western Mediterranean Basin, 
of a hitherto unrecognized petrographic province, or comagmatic 
region, to adopt a term used by me elsewhere, one of the 
most salient characters of which is the presence of salfemanes 
(basalts) that contain remarkably-high amounts of titanium. The 
data available at present are far from complete, as only a small 
proportion of the numerous rock-types have been analysed: the 
analyses so far made by me being mostly of basalts (salfemanes), 
with fewer of the more salic rocks. Furthermore, there are 
several gaps in the comagmatic zone, at localities which I was 
unable to visit, and the rocks of which are still imperfectly known. 

So far as it goes, however, the evidence at hand indicates that 
the volcanic rocks of Catalonia (including the volcanoes near Olot 
and Gerona), the extensive basaltic sheets of Tertiary age and 
those of the two great volcanoes of Monte Ferru and Monte Arci, as 
well as the lavas of the small recent cones, in Western Sardinia, 
and the volcanoes of Pantelleria and Linosa (a small islet to the 
south-east of Pantelleria), possess certain chemical and minera- 
logical features in common, which point to some genetic relation- 
ship between them. In other words, the existence is indicated 


70 DR. H. S. WASHINGTON ON THE TITANIFEROUS [ Feb. 1907, 


of a comagmatic region (petrographic province) extending in a 
rather narrow zone from Linosa on the south-east, north-west- 
ward through Pantelleria and Sardinia, and possibly through the 
volcanoes of the southern French littoral to Catalonia. | The 
possibility of the further extension of this zone in a southerly 
direction, along the eastern coast of Spain, will be discussed 
subsequently. 

For the present, we must confine our attention to the most 
femic rocks of the region, the basalts in common parlance, for the 
study of which numerous specimens and thin microscopic sections, 
and some twenty chemical analyses, are available. Only brief petro- 
graphical descriptions need be given here, and elaborate discussion 
of the analyses is omitted. But attention may be specially called to 
the mineralogical similarity among the basalts, which obtains all 
along the line: labradorite, augite, and olivine being uniformly the 
predominant and essential minerals, with accessory but constant 
amounts of a titaniferous magnetite and apatite, and in some cases 
accompanied by subordinate amounts of nephelite. Hornblende 
and biotite are either entirely absent from the salfemanes of the 
region, or present in a few rare types. The concordance in 
chemical composition is most noticeable in the low alumina, the 
abundance of the iron-oxides (ferrous oxide being greatly in excess 
of ferric), the relatively rather high amount of soda, the uniformly- 
high figures for titanium-dioxide, and the almost constant presence 
of notable quantities of nickel. 

Owing to the incompleteness of the earlier analyses of the rocks of 
these localities which have been examined chemically, such as those 
of Monte Ferru by Prof. Delter and of Pantelleria by Dr. Feerstner, 
and the total lack of analyses of the rocks of Catalonia, Linosa, and 
of most of the Sardinian occurrences, the petrological connection 
between these localities and the peculiar chemical features of their 
basalts have not been suspected untilrecently. The first, and so far 
the only, petrographer to note their highly-titaniferous character 
was Feerstner,! who found 5:86 per cent. of titanium-dioxide in the 
basalt of the island of 1891 near Pantelleria, and who suggested 
that this constituent was probably present in similar amounts in 
the basalts of Pantelleria and Graham’s Island (1831), as well as 
in those of Etna. More recently, the probability of some relation- 
ship between the lavas of Sardinia, Pantelleria, and (possibly) 
Linosa was pointed out by me,” although the possibility of any 
connexion with the Spanish rocks was not thought of. 


II, PerrocRAPHIcAL Descriptions. 


The salfemanes (basalts) are, with very rare exceptions, of 
common types, presenting no very peculiar or specially-noteworthy 
features, either in the hand-specimen or under the microscope. In 


1 Tscherm. Min. Petr. Mitth. vol. xii (1891) p. 520. 
2 Am. Journ. Sci. ser. 4, vol. viii (1899) p. 293. 
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colour (when fresh) they vary from a medium grey, as in some of 
the massive flows near Olot and some of the Tertiary sheets of 
Sardinia, to very dark grey or black, the darkest lavas being those 
of the most recent cones of Catalonia, Sardinia, Pantelleria, and 
Linosa. They vary from very compact forms to highly-vesicular 
ones, the smaller cones in all the districts being composed very 
largely of spongy scoriz. As a rule, these lavas are not highly 
porphyritic, some being quite aphyric megascopically, although in 
most of the specimens small phenocrysts of augite and olivine are 
present, with small tabular phenocrysts of felspar in some cases. A 
peculiar characteristic of certain lavas of Catalonia, Sardinia, and 
Linosa, is the presence of rounded nodules of olivine of a light 
yellowish-green colour and coarsely-granular structure. These 
may attain very considerable dimensions, 4 or more inches in 
diameter; and near Scano, at Monte Ferru, they are accompanied 
by smaller, but more compact, nodules of a greenish-black augite. 
Large plates of a bronzy biotite are found in a leucitic basalt 
which occurs sparingly at Monte Ferru; but hornblende is never 
seen in the specimens. collected, although it was found as loose 
crystal-fragments in tuffs on the island of Linosa. 

In thin section, the mode of mineral composition is seen to 
be quite uniform, though varying within limits. A _plagioclase- 
felspar, usually a labradorite, is abundant, commonly with tabular 
development and much twinned. With it is occasionally seen some 
orthoclase, but the amount of this is always very small and 
usually quite negligible. Next to the plagioclase, augite is the 
most abundant mineral. This is quite colourless in thin section, 
and occurs as stout, subhedral, prismatic phenocrysts, which are 
frequently fragmentary, as well as in the usual small prismatic 
groundmass-crystals. It seldom forms anhedral, interstitial areas 
between the felspar-tables, so that an ophitic texture is very rare. 
Olivine is rather abundant and quite constant, although in some of 
the types, especially those of Sardinia, it is absent or present in 
negligible amount ; whilein other rare cases it surpasses the augite. 
It presents the usual features, is colourless, varies from anhedral to 
subhedral, or even euhedral forms, with the common planes, and in 
the less fresh specimens shows the well-known yellowish-brown 
border. 

These three minerals—labradorite, augite, and olivine—are the 
predominant and essential constituents of all the basalts; but with 
them constantly occur smaller amounts of magnetite and apatite, 
in the usual forms of small anhedra of the former and prisms of the 
latter. In some cases, especially at the Catalonian volcanoes, there 
is a colourless base which the analysis shows must possess the 
general composition of nephelite, since there is insufficient silica for 
the formation of felspars. But nephelite, in euhedral and distinctly- 
recognizable crystals, is rare in the salfemanes, though it occurs in 
some of the Catalonian basalts, and in some of the more salic rocks 
in Sardinia and Pantelleria. A few of the basalts of Monte Ferru 
and elsewhere in Sardinia show some very small spheroidal anhedra 
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of what is apparently leucite, though the only analyses yet made of 
these types render the identity of this mineral somewhat uncertain. 
Hornblende is never seen in the thin sections of any of these rocks, 
but phenocrysts of biotite occur in one rare type at Monte Ferru, 
as mentioned above. 

As might be expected from the chemical composition, egirite is 
not present in these salfemanes, nor do the augites proper appear 
to carry much of the egirite-molecule. It may be mentioned here 
that, in the more salic rocks, in which its presence might be looked 
for, egirite is not a common mineral, although the occurrence of 
the soda-hornblende, enigmatite, in some of the Pantellerian lavas 
is well known; but it appears to be far less abundant than is 
commonly supposed. 

Concerning the textures little need be said. They are those 
usual in such femic eruptive rocks, but the generally very slight 
megaphyric development may be noted, as well as the almost 
complete absence of true ophitic textures. Many of the basalts, 
especially the more compact ones, are holocrystalline, while others 
are more or less vitreous, the vesicular forms consisting largely of 
glass, which is either dark in colour, or dusty and opaque with very 
numerous, minute, black microlites. 


IIT. Cuemicat Composition. 


The chemical composition of these basalts is shown in the accom- 
panying table (I, pp. 74-75), which includes only a portion of those 
analyses that have been made by me. Those here presented are 
regarded as representative of the majority of the salfemanes (basalts) 
of the several districts, and most of the other available examples 
much resemble them in their essential features. 

The methods of analysis were those commonly employed in the 
United States.’ The alkalies were determined by the Lawrence- 
Smith method, and titanium-dioxide by the colorimetric method of 
Weller. The latter, it may be remarked, is far more accurate, as 
well as more expeditious, than the gravimetric method so often 
employed; and, as the figures for titanium-dioxide are in all cases 
the means of three closely-agreeing determinations, they may be 
relied upon. Combined water (H,0+) was determined directly by 
Penfield’s method, since the loss on ignition gives rise to very 
misleading figures, owing to the oxidation of the large amounts of 
ferrous oxide present in these rocks. Some of the analyses here 
presented are not complete, although sufficiently so for the object 
immediately in view, and are to be amplified in the future by 
determinations of some minor constituents, such as zirconia, nickel- 
monoxide, manganous oxide, cuprous oxide, and baryta. In their 
present form, therefore, they are to be regarded as provisional, 
although the corrections involved by such determinations in the 
figures given here will be presumably of small magnitude. It may 

1 W. F. Hillebrand, ‘Some Principles & Methods. of Rock-Analysis’ Bull. 


U.S. Geol. Surv. No. 176 (1900); and H. S. Washington, ‘Manual of the Chemical 
Analysis of Rocks’ New York & London, 1904. 
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be remarked, however, that the low summations of some of the 
analyses are undoubtedly due to these non-determinations, especially 
of nickel-monoxide and manganous oxide. 

Of these analyses, the first four are representative of the Cata- 
lonian basalts, No. 1 of the volcanoes near Gerona, 2 of the more 
felspathic camptonose (felspar-basalt)- flows, 5 of. the abundant 
limburgose (nephelite-basalt)-flows, which filled the valleys near 
Olot, and 4 of the scoriaceous lavas of the numerous small, recent 
cones. The next four include representative Sardinian basalts : 
No. 5 of some of the extensive Tertiary sheets, 6 & 7 of the basaltic 
mantles of Monte Ferru and Monte Arci respectively, and 8 of the 
small recent cones, the last manifestations of volcanic activity in 
the island. The next two are of typical basalts of Pantelleria, 
followed by analyses of the highly-scoriaceous lavas of the most 
recent submarine eruptions in the neighbourhood of Pantelleria.’ 
The next two analyses (13 & 14) are of the, as yet undescribed, 
basalts of the island of Linosa: the former being a representative 
of the solid lava-blocks found in the earlier phase of tuff-volcanoes, 
and the latter of the more recent lava- and scoria-cones. Finally 
15, 16, & 17 are the early analyses by Dr. H. Foerstner, which are 
tabulated for comparison with Nos. 9, 11, & 12. 


As regards the main constituents, these rocks present the fol- 
lowing characters. Silica varies considerably, the highest figures 
being found in the lavas of Sardinia, while in some of those of 
Catalonia and Pantelleria they are rather low. Alumina is rather 
low as a rule, and this constituent follows silica very closely, the 
two rising and falling together. The oxides of iron, taken together, 
are uniformly high, the totals varying from 10 to 13 per cent., 
except in the Sardinian rocks, where somewhat lower figures are 
met with. In every case ferrous oxide surpasses ferric oxide, the 
amount of the former being frequently very great as compared with 
that of the latter, as in Nos. 10, 12, & 14. Magnesia and lime are 
not very high for basalts, the former varying considerably, while 
the amounts of the latter are more constant, the lowest figures for 
both being found in the Sardinian rocks. The alkalies, while not very 
high, are sufficiently so in those rocks lowest in silica to give rise 
to normative, as well as modal, nephelite, while the soda is uni- 
formly dominant over the potash. 

Of the minor constituents, titanium-dioxide is the most notable. 
This constituent is present in every case in very large amounts: 
large, that is, for this substance, the average amount of which in 
igneous rocks is 1 per cent. or less. Indeed, the higher figures 
found in the table are unparalleled elsewhere, except in titaniferous 
ores, aS was mentioned above. It is lowest in the Sardinian 
basalts, somewhat higher in those of Linosa, still higher in the 
Catalonian rocks, and reaches its maxima in those of Pantelleria 


1 The specimen represented by No. 11 was very kindly given to me by 
Prof. E. 8. Dana, while that represented by No. 12 was bought some years 
ago of Mr. Butler, of Brompton Road, London, S.W. 
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TABLE I.—ANALYSES OF WusTrem 
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AO as: 1248 1436 1262 1406 15°63 1526 1645 15°35 
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ee 070 © 0°45 0°57 067 O63 0-49 0°39 O75 
SO,  .. 0°05 n.d 0°05 n.d. n.d n.d n.d n.d. 
NOS... 53+ n.d n.d n.d. n.d. n.d 0-06 018 n.d. 
MnO 2.22% n.d n.d n.d. n.d. n.d 0°08 0°06 n.d. 
BaO n.d n.d 0°06 n.d. n.d n.d n.d n.d 


ae 


Totals... 99°64  100°54 99°68 68 10013 10040 10014 99°84 10005 


1. Monchiquose; Llord, near Gerona (Catalonia). 

2. Camptonose ; Castelfullit, near Olot (Catalonia). 

3. Limburgose; Las Planas, near Olot (Catalonia). 
Includes 0°02 ZrO, and 0°04 SrO. | 

4, Limburgose; Monte Sacopa, near Olot (Catalonia). 

5. Andose-camptonose; Tres Nuraghes (Sardinia). 

6. Camptonose; Cuglieri, Monte Ferru (Sardinia). 

7. Andose; Uras, Monte Arci (Sardinia). 

8. Akerose; Monte San Mateo, Ploaghe (Sardinia). 

9. Camptonose ; Monte Sant’ Elmo (Pantelleria). 

0. Camptonose; dyke in tuff, Costa Zaneti (Pantelleria). 
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| Nephelite ......... 12°92 2°56 6°82 9°51 B26 2 oY Soe 
| Diopside ......... 19°17 | 1959 | 22°02 | 21°08 15°37 7°88 
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MEDITERRANEAN Basatts. 


9 10 11 12 13 14 15 16 17 


46°22 45°72 48°97 44°83 46°55 48°84: 49°87 49°24, 4Ar 64, 

12°23 12°45 16°37 eV 14°55 14°62 14°80 19°06 12°74. 
4°91 1°57 1°33 1°35 auy 2°08 8°25 a7 4°21 
ral 12°01 856 11°79 7°88 9°00 688 10°33 B17, 
6°74 5°29 6°22 5°50 861 Ff UES 677 5°00 5°82 
9°86 9°58 7°49 9°63 8°75 9°33 9°36 8°75 10°12 
3°39 3°40 4:09 3°34 3°71 2°86 2°81 3°89 4°31 
113 1:08 1°72 1°40 1°62 0°89 0°68 119 1°41 
017 0°40 0°38 0°81 0°14: 0°49 she A : 
G05 O01  O0smoto 00s cory 9... O88 . TOL 
5°68 6°43 3°95 6°88 3°84. 3°57 n.d. n.d. 5°86 
1°46 1°54, 1°04 2714 0°55 0°36 n.d. n.d. n.d. 
n.d. n.d. n.d. n.d. n.d. 0°05 n.d. n.d. n.d. 
n.d. 0715 0-08 n.d. n.d. n.d. n.d. n.d. n.d. 
n.d. 0°16 0°06 n.d. n.d. n.d. n.d. n.d. 0°20 
n.d. n.d. n.d. n.d. n.d. none. n.d. n.d. n.d, 


i _ 


11. Andose; Graham’s Island (1831), near Pantelleria. 

12. Camptonose; Island of 1891, near Pantelleria. 

13. Camptonose; block in tuff, I1 Fosso (Linosa). 

14. Camptonose; Monte Pozzolana (Linosa). 

15. Basalt ; San Marco (Pantelleria). Analysis by H. Feerstner, 
Tscherm. Min. Petr. Mitth. n. s. vol. v (1883) p. 393. 

16. Basalt ; Graham’s Island, near Pantelleria. Analysis by 
H. Feerstner, zb7d. p. 391. 

17. Basalt; Island of 1891, near Pantelleria. Analysis by 
H. Feerstner, op. cit. vol. xii (1891) p. 512. 
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and the neighbouring submarine eruptions. It may be mentioned, 
in this connexion, that two pantellerites of Pantelleria, with 69°79 
and 66:07 per cent. of silica, yielded respectively 0-89 and 0-92 of 
titanium-dioxide, which are unusually-high figures for such quaric 
(acid) rocks. In a general way, titanium seems to follow the iron, 
and runs inversely with the silica. 

Phosphoric pentoxide is distinctly abundant and, like titanium, 
seems to follow the iron-oxides, the highest figures being found in 
the rocks of Pantelleria and the neighbourhood. Chlorine (derived 
from sea-water) is present in some of the Linesa rocks, but has not 
yet been determined, whence is due in part the low summation of 
No. 14. Nickel seems to be almost constantly present, even in the 
Sardinian lavas, often in considerable amounts for this constituent ; 
and its presence is to be regarded as one of the characteristic, 
though minor, chemical features of the region. Although only 
occasionally determined as yet, its presence was established, as in 
the Catalonian and Linosa basalts, by the faint greenish tinge of 
the filtrate from the ammonia-precipitate, the amounts being 
approximately those of the quantitatively-determined occurrences, 
judging from the depth of colour. The small amounts of manganese 
usually found do not call for remark. It is probable that copper, 
the presence of which was sometimes indicated, exists only as traces, 
although this is a point which is to be the object of future study. 
Zirconium, barium, strontium, and sulphur, when looked for, were 
found to be absent, or present in scarcely more than traces. 

Coming back to the abundance of titanium, the question naturally 
arises as to what mineral or minerals carry it. It is clearly not 
present in the felspars, and neither titanite nor ilmenite could be 
detected in any of the thin sections. While the matter is still under 
investigation, the available data indicate that a large proportion of 
it is present in titaniferous magnetite, with probably somewhat less 
in the augite, and little (if any) in the olivine. No separations have 
yet been made of the rock-minerals, but an analysis of a dark-green 
augite-nodule from a leucitic lava of Scano (Monte Ferru) gave 
1:91 per cent. of titanium-dioxide, while an olivine from the same 
locality contained only 0-10 per cent.’ 

As the augites of these rocks are almost, if not quite, colourless 
in thin section, their richness in titanium may be doubted, as it is 
commonly supposed that highly-titaniferous augites show a 
brownish-violet colour.” Jt has, however, been shown recently 
that the green augites of Central Montana,’ and the pale-green or 
colourless augites of Central Italy,* are markedly titaniferous, one 
of the latter carrying 2°85 per cent. of titanium-dioxide. 


1. A black hornblende, found as loose crystals on Linosa, yielded as much as 
8-47 per cent. of titanium-dioxide, the highest figure yet recorded for this 
mineral. 

2 F. Zirkel, ‘Lehrbuch der Petrographie’ vol. i (1893-94) p. 284; and H. 
Rosenbusch, ‘ Mikroskopische Physiographie der Massigen Gesteine’ 4th ed. 
vol. i (1905) 2nd half, p. 208. 

3 L. VY. Pirsson, Am. Journ. Sci. ser. 4, vol. xx (1905) p. 39. 

4 H. S. Washington, ‘The Roman Comagmatic Region’ Carnegie Inst. 
Publ. No. 58 (1906) p. 134. 
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LY. CLASSIFICATION OF THE Rocks. 


The classification of these lavas according to the prevailing 
systems has been sufficiently indicated in the foregoing pages. For 
the most part, they are felspar-basalts, with fewer nephelite-basalts, 
these last occurring especially in Catalonia and not having been, 
as yet, definitely determined from the other districts. These basalts 
are usually olivine-bearing, although in Sardinia olivine-free types 
are rather common. 

The classification according to the quantitative system is based 
on the figures furnished by the analyses, and on the calculated 
norms, which latter are shown in the appended Table II (pp. 74-75). 
In this the norms are numbered as in ‘lable I of Analyses, and the 
symbols representing the class, order, rang, and subrang are given 
in each case below. 

The great majority of the basalts lie within the salfemane class, 
the exceptions being some of the Sardinian basalts and that of 
Graham’s Island, which are in dosalane, these being distinctly higher 
in normative felspar, especially albite and anorthite, than the others. 
Outside of Catalonia, where normative (and modal) nephelite is so 
abundant as to cause some of the types to fall in the sixth order, 
with felspars dominant over nephelite, the order is uniformly the 
fifth; that is, the quantities of either quartz or nephelite are negli- 
gible as compared with the felspars. The rang is almost as uniformly 
the third, with alkalies and salic lime in about equal amounts, and in 
only two cases are the alkalies dominant over salic lime (Nos. 1 & 8). 
The relation of the alkalies is very constant, soda being dominant 
over potash in every case, so that the subrang is invariably the 
fourth. 

Although, in the salfemanes, the femic* constituents form about 
one half of the rock, their relations, as expressed in the minor 
divisions of grads and subgrads, may be disregarded in the present 
brief discussion, as unnecessarily prolonging it, and introducing 
what may seem to be a superfluous refinement into the present 
introductory and little tried stage of the new classification. 


As illustrative of the correlation of the two systems of classifica- 
tion, a few points may be dwelt on very briefly. While all those 
rocks, which are free from nephelite, would be called basalts in 
the prevailing systems, it will be observed that the distinctions be- 
tween them are more numerous according to the quantitative system. 
The basalts of Pantelleria and of Linosa are uniformly in camptonose 
(in salfemane), as are also many of those of Catalonia. On the 
other hand, many of those of Sardinia fall in andose or akerose in 


1 It is to be remembered that the term ‘ femic’ applies only to the standard, 
non-aluminous minerals, like ideal diopside, hypersthene, olivine, or magnetite. 
Such ‘ ferromagnesian’ minerals as augite, hornblende, or biotite, which contain 
alumina, are termed ‘alferric,’ and their molecules are resolved into salic and 
femic components in the calculation of the norm. It may thus happen that a 
rock with augite very much more abundant than plagioclase (and hence at first. 
glance apparently dofemic) is actually in the salfemane class. 
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the dosalane class, thus clearly indicating by their systematic names 
their great content in silica and alumina, and their lesser content in 
the femic constituents, such as iron-oxides, magnesia, and titanium- 
dioxide." These Sardinian basalts, furthermore, are almost the only 
basalts that show in the norm high hypersthene (which enters into 
modal augite), and little or no olivine, and the comparative rarity 
of this last mineral among them has been noted above. 

Again, the basalts of Catalonia, which are almost the only basalts 
with recognizable nephelite under the microscope, are similarly the 
only ones to fall in order 6, with notable amounts of this mineral 
in the norm. Finally, it was pointed out on a previous page that 
in this series lime is not very high, that is, for such basaltic rocks ; 
and this feature is revealed in the magmatic position of these types 
in alkalicaleic rangs, or even in domalkalic ones: whereas, as 
has been pointed out elsewhere, the majority of ‘ basalts’ fall in 
docalcic rangs, such as hessase or auvergnase. 


It should be borne in mind that the new names used here 
express only the magmatic (chemical) characters of the rocks. The 
mineral and textural features are to be expressed according to the 
proposed system by qualifying compound adjectives, or eventually 
by typal adjectives. But further discussion of these and cognate 
topics is uncalled for here. 


VY. Exrent oF tHE RecGIon. 


The real extent of this zone or region of chemically and mineralo- 
gically similar rocks is as yet problematical, and its full discussion 
must be reserved for the future. The possible richness of the Etna 
basalts in titanium, and their connexion with those of Pantelleria, 
has been suggested by Dr. Foerstner in an article cited above. But 
no complete and trustworthy analyses of these lavas are available, 
those of Sartorius von Waltershausen, Jewett, Silvestri, and 
Ricciardi being manifestly at fault as regards either accuracy or 
completeness, or both combined. In their figures for silica, the 
oxides of iron, lime, and the alkalies, the Etna lavas are much 
like the Pantellerian basalts; and the high figures for alumina 
commonly reported may be due, in part to admixture with magnesia 
(which is commonly low), and in part to the non-separation of 
titanium-dioxide, which would be precipitated and weighed with it. 

Along the southern coast of France are several ‘ basaltic’ volcanoes, 
as at Montpellier and Agde, and it is possible that these may 
eventually turn out to be connecting links between those of Sardinia 
and Catalonia, but their chemical characters are quite unknown to 
me. A volcanic zone, in which ‘ basalts’ occur, extends south from 
‘Catalonia along the eastern coast of Spain, including the Columbretes 


1 Exceptions to this rule are apparently presented by Nos. 5 & 6, but No. 5 
(with less silica than the others) is near the dosalic border of salfemane, while 
in No. 6 the higher magnesia and lime (as compared with those of Nos. 7 & 8) 
‘serve to throw the rock into the salfemane class (camptonose), despite its 
high silica. 


2 H.S. Washington, U.S. Geol. Surv. Prof. Paper No. 14 (1903) p. 75. 
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Islands, the neighbourhood of Cartagena, Cabo de Gata, and Alboran 
Island. But their rocks demand further chemical investigation, 
the earlier analyses either neglecting the titanium or giving rise to 
uneasiness on the score of accuracy. In a recent highly-interesting 
paper’ Dr. A. Osann has described the rocks of two localities in 
Murcia, and his description is accompanied by careful and complete 
analyses by Dittrich. These do not show the high amounts of 
titanium which we might expect if the rocks belong to the same 
region as that dealt with here, although they are somewhat higher 
than the average in this constituent. 

A possible extension southward from Linosa is indicated by the 
occurrence of a phonolite at Msid Gharian, near Tripoli, described 
by Prof. L. van Werveke.* The possible connexion of the rocks 
of Pantelleria with those of Abyssinia and the Great Rift Valley in 
Fast Africa, has already been suggested by Dr. G. T. Prior.’ i 


Discussion, 


The Prusripent expressed the gratification with which the Society 
received this paper, as a recognition from the Author of his election 
as one of the Society’s Corresponding Fellows. The paper was an 
extension of the work which, for some years past, the Author had 
been carrying on in the basin of the Mediterranean. It showed 
the same firm grasp of petrographical methods, the same reliance on 
minute and accurate chemical analysis, and the same successful 
co-ordination of facts in the natural history of rock-groups. The 
high percentage of titanium in the rocks now described was a point 
of considerable interest and importance, and seemed to justify the 
Author’s separation of the region of the Western Mediterranean as 
a distinct petrographical province, so far at least as regards its later 
basaltic eruptions. 

Dr. Traxt agreed with the President in his estimate of the value 
of the paper, which dealt with a very interesting and somewhat 
peculiar group of rocks. The Author had done much to give 
definiteness and precision to our chemical knowledge of igneous 
rocks, and he (the speaker) felt sure that all the Fellows would 
welcome this communication. 

Dr. J. W. Evaxs thought that the paper emphasized the import- 
ance of exact and complete analytical work, especially in connexion 
with the minor chemical constituents. He had had the oppor- 
tunity of examining numerous concentrates of the heavy minerals 
of sands, and was struck by the prominent place taken by ilmenite 
and other titanium-bearing minerals. He also drew attention to 
the large percentage of titanium-oxide which is often present in 
bauxite, usually a product of the decomposition of igneous rocks; 
and expressed his belief that many other occurrences of rocks rich 
in titanium would be discovered. 


- sO einige Alkaligesteine aus Spanien’ Rosenbusch Festschrift, 1906, 
p. 263. 

2 L. van Werveke, Neues Jahrb. vol. ii (1880) p. 275. 

3 Min. Mag. vol. xiii (1903) p. 228. 
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6. Zhe Ixrtvence of Pressure and Porosity on the Morton of 


Susp-SurFace Water. By Writiram Ratexe Batpwiy-WiseEman, 
M.Se., Assoc.M.Inst.C.E., F.G.8. (Read June 27th, 1906.) 
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I. Hisroricat InrRopuctTion. 


Sunce the early part of the last century the question of the behaviour 
of underground water has received the attention of numerous 
investigators, whose labours have resulted in the compilation of 
a most voluminous and scattered bibliography, comprising records 
of field-observations, experimental data, and mathematical deduc- 


tions, many of which are difficult of access. I have therefore, 


although deeply conscious of the omission of the names of many 
worthy investigators, endeavoured to summarize briefly the more 
important investigations on this subject, with the view rather of 
outlining the ar than of giving a full record of workers. 

In 1837, Robert Stephenson (1)' first noted the formation of a 
cone of depletion in the water-logged sands of the Inferior Oolite, 
during the progress of the construction of the Kilsby Tunnel on the 
London & North-Western Railway; and in a later report to the 
London & Westminster Water Company, he remarked upon the high 
absorptivity of the Chalk and the intermittent nature of its surface- 
streams. 

The first systematic well-measurements were made by Bland (2) 
in 1831, along two parallel lines from Sittingbourne to Maidstone ; 
and ten years later Clutterbuck prepared a somewhat similar section 
on a line from Dunstable to Watford. 

In 1851 Ansted (3) experimentally determined the rate of 
percolation of water through Chalk, under comparatively-low 
pressures ; and seventeen years later, in 1868, Isaac Roberts (4) 
published a few figures showing the effect of pressure on the rate 
of flow of water through the Red Sandstone of the Liverpool district. 

In 1856 Darcy (5) stated that the rate of percolation of water 
through sand varied directly as the pressure, or head, on the water, 
but inversely as the thickness of the bed traversed. Hagen (6) 
questioned the first part of this proposition, while agreeing as to 


1 Numerals in parentheses after authors’ names, throughout this paper, refer 
to the Bibliography, § V, p. 103. 
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the second part ; Seelheim (7) demonstrated that the flow increased 
faster than the pressure; and Hazen (8), from a study of experi- 
mental filter-beds, stated that the flow was affected, not only by the 
pressure and the thickness of the bed, but also by the relative sizes 
of the constituent sand-grains of which the bed was made up. 

Ten Brink, Theim, Pettenkoffer, Wolff (9), and others have 
deduced data on the rate of flow of sub-surface water, by observa- 
tions on the time of flow of water charged with fluorescin, common 
salt, and lithia, from one well to another; and, more recently, 
Slichter (10) has devised aningenious method of recording electrically 
the time of passage of water charged with an electrolyte from one 
well to another. 

Seelbeim, King (11), Van Hise, and Moore (12) have investigated 
the variation in the porosity of strata with superincumbent pressure 
and faulting. 

Ansted, Prestwich, Boyd Dawkins, and others have supplied 
much information on the storage-capacity of the Chalk ; and Sterry 
Hunt, Wheatstone & Daniell (13) have familiarized us with the 
porosities of a great variety of rocks. 

Baldwin Latham (14), Honda (15), Pantanelli (16), Weyde (17), 
Lucas (18), and others have noted the periodic variation in the 
levels of the ground-water, and its interdependence on rainfall 
and variations of barometric pressure. 

Among the more physical and mathematical contributions are 
‘Shechter’s (10) mathematical analysis, giving results for the motion 
‘of water in rocks not unlike that of electricity in conductors; the 
researches of Osborne Reynolds (19), Cohen (20), Wollny (21), 
Welitsch-Konsky (22), King (11), and others, on the variation in 
the viscosity of a fluid with pressure and temperature; and of 
‘Girard (23), on the effect of dissolved salts on the rate of flow of 
fluids through capillaries. 

Finally, there have been numerous surveys, of greater or less 
extent, which have materially contributed to a more intimate 
knowledge of the geology and hydrology of particular districts ; 
among the best of these are the Reports of the 2nd and 3rd 
Royal Commissions on London Water of 1892 and 1897, and the 
monographs on Water-Supply of the Geological Surveys of Great 
Britain and the United States of America. 


Il. Experimenta Data on Porosity AND THE FLOW oF 
INTERSTITIAL WATER. 


I do not propose to attempt a discussion of all the many factors 
which have an important bearing upon the quantity and the motion of 
underground water, but to confine myself to the consideration of the 
effect of porosity, pressure, surface-configuration, and stratigraphical 
sequence upon the storage and motion of this water. 

At the outset, one experiences a difficulty in assigning an exact 
definition to the term porosity ; for the measure of the porosity of 
a rock is largely affected by the viscosity and temperature of the 


Q.J.G.8. No. 249. G 
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percolating fluid, and the pressure to which that fluid is subjected : 
it is also still further complicated, as I shall show later, by variations 
in the physical structure of the rock and by the cushioning of the air 
in the innermost interstices. 

Thus, for instance, the porosity of marble is very small if it be 
determined by immersion in water under ordinary conditions of 
temperature and pressure, but if it be determined by immersion in 
oil the result is somewhat higher; and, with water under conditions 
of high temperature and great pressure, much larger values would, 
in all probability, be obtained than with water under normal 
conditions of temperature and pressure. 

During the course of my experiments upon flow and resoakage— 
recorded, with other data, in a paper published in the Minutes of 
Proceedings of the Institution of Civil Engineers (24)—TI found that 
when water was forced into the rock under pressures of 40 or 60 lbs. 
per square inch, the water-capacity after the removal of the pressure 
was much higher than that for ordinary tank-soakage, or for soakage 
under reduced pressure, as when the soaking-basin was placed under 
the receiver of an air-pump. ‘Thus, a piece of Upper Chalk from 
Micheldever (Hampshire) had a storage- -capacity, after subjection to 
a pressure of 40 lbs. per square inch, ine 0:4679 of its total volume, 
or a storage-capacity of 2-92 gallons per cubic foot. Upon re- 
charging, it took up a volume of water equal to 28-1 per cent. of its 
total porosity in the first second, which had increased to 57-2 per 
cent. in 4 seconds and to 74°7 per cent. in 9 seconds: the volume of 
the several quantities of absorbed water varying, roughly, in the 
ratios 1, 2, and 3, and the time-interval in the ratios of 1, +, and 9, 
or as the squares of the first ratios. But thereafter the rate of 
absorption continually decreased, and thus only 77-2 per cent. of the 
total storage-capacity was charged i in the first half hour ; while the 
rate increased still more slowly to 78 per cent. in 1 hour, 79 per cent. 
in 44 hours, and 83:1 per cent. in 47 hours. 

Under the receiver of an air-pump, the absorption during the first 
half-hour was somewhat greater than that under ordinary conditions 
of soakage, the quantity absorbed being about equal to that of 
43 hours of ordinary soakage ; but thereafter the rate of absorption 
did not appear to be accelerated by further operation of the air- 
pump, nor were any observable air-bubbles given off from the 
stone. 

Similar characteristics in the rate of absorption to that of the 
Micheldever Chalk are shown for other stones in the appended 
Table (I, p. 83). 

It is interesting to note, as Prof. Boyd Dawkins pointed out in his 
James-Forrest Lecture before the Institution of Civil Engineers (1), 
that the quantity of water taken up by a rock upon recharging is 
somewhat less than its original water-content ; and the explanation 
seems to me to be that, as the water penetrates to the inner- 
most pores, it expels the air from the pores into which it enters, 
part of the air escaping externally, while the remainder passes into 
the innermost and finer interstices. With further additions of 
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percolating water, this air is cushioned and compressed, and at 
pressures slightly higher than the normal prevents the ingress 
of water to the pores ‘that it occupies. Consequently, a recharged 
rock may be considered as an aggregation of water-charged pores 
surrounding a nucleus of air-charged pores; while, in a fully- 
charged rock, the water occupies uniformly all the pores. There is 
some confirmation of this theory, in that the rocks with coarser 
interstices are more readily recharged, and take up an initial 
quantity of water more nearly approximating to their full capacity, 
than do those rocks that have finer interstices. 


TaBLe I, suowInG THE RATE OF ABSORPTION OF WATER BY VARIOUS STONES : THE 
WATER ABSORBED BEING EXPRESSED AS A PERCENTAGE OF THE VOLUME OF 


THE STONE. 
(Continuous immersion in a beaker of water, at atmospheric pressure.) 


| | | 


CHALE. Batu MiusToNnE 
| 


Number | wiottisfont. | Micheldever. || W£ATHERSTONE. Grit. 
of hours | Remarks. | 
immersion.| | | 
Piece | Piece | Piece ae Piece ig Piece | Piece 
hide Pele 8. i it eR, 


| 


34-65. 36°34 |113°94 |187°15 || 36-48 | 40°12 135° 50| 68-47 | Weight,dry; 
rel 


By setae | 
| 


— 

05 ...| 36-26} 35-41] 3977| 36-13] 2029 | 2255 | 1284] 18:80 | 
1-0 ...| 3653! 35°81! 40:23| 36-49 |] 20-70 | 23-03. || | 
#5. 3696) 3661) 4029) 3699) 2245 | 23.93 | 
47-0 ...| a 38:16 | 42:89] 3888 || 9397 | 23-93 | | 
| 45°86 | 46°79| 2... 24-18 PEO | cater. Maximum. 


On account of this cushioning action of the air, I consider that all 
determinations of the flow of water through rock based upon 
corresponding determinations with air, and the ratios derived from 
the relative flow of air and water through capillary tubes, are 
illusory, as air will not cushion air and interfere with the flow of 
air through the interstices of a rock, while at moderate pressures 
the cushioning air will seriously interfere with the flow of 
the water. Therefore the two discharges will not be directly 
comparable, as there is not a corresponding interference in the 
capillary tubes; and, further, this interference will be of greater 
magnitude in a rock with many fine pores than in one with a lesser 
number of coarser pores—resulting in a corresponding increase in the 
error of the calculated discharge. 

The rate of drying of saturated stone will, of course, vary with the 
fineness of the pores, and with the temperature and velocity of the 
air surrounding it. When the temperature is normal and the motion 
of the air is only that of a closed room, the rate of desiccation is 

@ 2 
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extremely slow ; but, when there is an increase in the velocity of 
the air-current, or in the temperature of the surrounding air, 
desiccation proceeds at a greater rate. Thus, for instance, in 
experiments recorded in another paper (24), the quantity of inter- 
stitial water evaporated in 165-9 hours when the temperature was 
8° or 9° C. was only 0°32 of that evaporated in 5-7 hours when the 
temperature was 95° C.; and, for the same degree of initial 
saturation, the ratio would have been much less than 0°32. 

Most of the water was expelled from the pores during the first 
few hours’ exposure; for, when stones were continuously exposed to 
a temperature of 98° C. in a steam-oven for a period of 6 days, there 
was little or no appreciable difference of weight when cooled, between 
the weight at the end of each consecutive 12-hour period and that 
at the end of the first 6-hour period. 

I also found that most of the moisture was expelled at this 
temperature; for, upon subsequently exposing some test-pieces, 
which had been previously dried, for a period of 1 hour to a tempe- 
rature of 98°C. in the steam-oven, and thereafter for a period of 
2 hours to a temperature of 300° C. in the electric furnace, I found 
that the decrease of weight, as shown in the following Table (11), did 
not affect the resultant capacity for contained water by more than 
0-5 per cent. 


TaBLE I], sHow1nG THE EFFrect oF Dryine Stones In A STEAM-OVEN For 1 HoUR 
aT 98° C. AND IN AN ELEcTRIC FURNACE FoR 2 HouRs AT 300° C. 


Weight in grammes, | Difference of 
| after drying in | weight 
| 
Vasiiy of, | Ee ny ea a 
stone. 
jou. cms.) Steam- Electric in percent, | 
oven. furnace. \\grammes.| of the , 
| volume. | 
ee SS ee 
5 RM Ne rise : | 62°8 | 13573 | 13553 || 020 | o3is | 
Aspatria....<.12.-cs..c00- | 69:4 139°53 139°52 0-01 0014 
| Red Mansfield ......... 584 12735 | 12710 || 0:25 0428 | 
| Portland Base-bed ...| 583 127-08 127-07 0-01 0-017 
Monks Park ...1..4tes | 49-2 93°80 98°75 0-05 0°102 
| Bradford Oolite ......, 349 | 61:30 61:30 || 0:00 | 0-000 


In all cases recorded in this paper, the porosity is calculated from 
the difference in weight of several specimens of the particular stone 
after prolonged soaking under a hydrostatic pressure of about 40 lbs. 
per square inch, and the respective weights of the same specimens 
when dried in the steam-oven until there was no further diminution 
of weight: the specimens not being weighed until they had cooled 
te about 10°C 
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In strata of uniform texture the porosity will vary inversely with 
the pressure, and consequently with the depth beneath the surface, 
until a point is reached at which the porosity has zero value. ‘This 
limit is styled by Prof. Van Hise the base of the zone of 
fracture, and is fixed by him, upon more or less empirical 
deductions, as situate at a depth of about 6 miles below the surface. 
Considering more commonplace conditions, the porosity will vary 
with the past history of the strata and of the locality in which 
they occur; and it. is most essential that the geological record should 
be studied side by side with the flow-problem in every hydrological 
investigation, although, strangely enough, this procedure seems to 
bave been the exception rather than the rule in the past, and the 
subject seems to have been approached rather as a laboratory- 
experiment, or a problem in hydraulics, with little or no reference 
to the dynamical geological aspect. Thus, for instance, one theory 
has been elaborated on the groundwork of experiments with sand- 
filters; but I have shown mathematically and experimentally, in 
my other paper (24), that the porosity of sand depends almost 
entirely upon the fortuity of its arrangement and previous physical 
treatment, and it is at once evident that data obtained from experi- 
ments with such sand are inapplicable in the case of, say, a sandstone 
with inequalities of porosity in its cementing-material, and still 
more so when that sandstone has been. faulted and folded or 
_ subjected to infiltration. 

In a very interesting paper, C. C. Moore (12) has shown that, at 
the Caldy-Grange fault at West Kirby, the porosity of the Keuper 
Sandstone varies from 0°2256 of the total volume at a distance of 
24 feet from the face of the fault, to 0°1650 at a distance of 3 inches 
from the fault; and, on the other side of the fault, the porosity of 
the Bunter Sandstone varies from 0-1480 at a distance of 3 inches 
from the face of the fault, to 0°255 at a distance of 25 feet from the 
face,—or that, within a distance of only 49 feet, the porosity of the 
strata varies from 1:00 to 0°74 and from 0°66 to 1-13. 

In the course of my own observations, I have noted similar 
phenomena. ‘Thus, in a flexure of folded red Peel Sandstone, 
exposed on the shore of a httle cove north of Whitestrand Bay, 
near Peel, in the Isle of Man—a region which has been subjected 
to pressures so severe that fragments of quartzite have been forced 
into the main mass of slates of the district—the specimens col- 
lected from the crown of the flexure had a porosity, expressed in 
terms of the volume, of 0-161; while at a point of less curvature, 
at a distaute of only a tew yards from the crown, the rock had a 
porosity of but 0-034, or, roughly, 0-2 of that at the crown. 

The effect of an intrusive dyke of dark olive-green Tertiary 
diabase in black Carboniferous Limestone, at Pool-y-vaash Bay, 
Castletown (Isle of Man), is also shown in the following Table 
(IIT, p. 86). : 
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Tasxe LIT. 
| | | 
| Percentage | 
No. of Distance volume of 
ke See Description of rock. from dyke, | contained 
e ; in feet. water when 
soaked. 
| Lie Unaltered dyke-rock, almost black 
| in Colom Peers eos eves aaee ee 6°88 
| 2. Shghtly-altered dyke-rock, between 
| high and low water, dark olive- 
ETCON MMCCOlO MMi te eccsn a. soso ae oe 4°81 
3. Chalky, dull-white limestone, em- 
| bedded in dyke-rock.............-..-. S33 13°49 
4, Chalky, dull-white limestone, in 
| contact with dyke-rock ............ nee 1242 4 
as Dense black, somewhat flaky, lenti- | 
| cular limestomedgs os. 2.500667 «086 saee 14 13°50 
6. Dense black limestone, with little or 
| | no tendency to break into layers 
OF PYISHS: Bisse reese ost sacs Sued Jooae 27 3°08 
7. Do. do. do. 30 2:29 
8. Dense black unaltered limestone, 


with irregular conchoidal fracture 
and no tendency to break into 
layers (Of prisMS)c.-- cnc ese. sic ase 90 0:24 


In another case, highly-fossiliferous Carboniferous Limestone from 
the shore near Port St. Mary (Isle of Man), collected above high- 
water mark, had a porosity equivalent to -0078 of the total volume; 
while fragments broken from pinnacles of waterworn rock between 
high and low water had a porosity of -0341,—an increase of nearly 
350 per cent. in a distance of only 100 yards. 


It is at once evident that, when the possibility of the variation of 
the porosity of a rock is of such a nature as any of the instances 
previously quoted, one could not presume an uniform rate of flow 
in such an area. In fact, oneis not justified in assuming conditions 
of uniform flow in any area, without substantiating it by rigorous 
investigations in the field. Yet mathematical theories of flow are 
formulated, which are based upon the fundamental assumption of a 
homogeneous rock-texture: the results obtained being, as one would 
expect, almost identical in every respect with that of the passage of 
electricity through a conductor. Such a process possesses but little 
accuracy or reliability, and not infrequently is at utter variance with 
the data derived from field-studies. 

To arrive, therefore, at a reliable estimate of the rate of flow of 
water through any rock, or its storage-capacity, something more than 
these mere empirical assumptions is essential; and investigations 
in the field must be supplemented by the data derived from 
laboratory-experiments, carried out with test-pieces of fair samples 
of the rock of the locality. 
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Nearly all investigators of interstitial flow have considered it as 
a motion through a series of capillaries of varying diameter, and of 
a length much greater than the net thickness of the strata traversed. 
Slichter (10) has assumed that rocks of varying degrees of porosity 
can be represented by spheres packed in different orders of com- 
pactness, having a maximum value of porosity (= 0°4764) when the 
bounding tangent-planes to the spheres form a cube. and the least 
value (=0-2595) when the tangent-planes form a rhomboid with a 
dihedral angle of 60°; and, in a neat mathematical analysis, he has 
evaluated the diameter and length of the equivalent interstitial tube 
for a given thickness of rock of given porosity. 

In the series of experiments which I conducted upon the influence 
of pressure on interstitial flow, and recorded in tabular form in 
the appendices to my former paper (24) previously mentioned, I 
made no attempt at the determination of the length, or cross- 
sectional area, of this ideal capillary tube, as it seemed to me to 
be capable of almost infinite variation in these particulars, as well 
as in the numerical frequency of such tubes per cubic foot of rock ; 
but rather confined myself to a close investigation of the rate 
of variation of discharge with pressure: and I found that, for 
a wide range of pressure, the discharges were not strictly pro- 
portional to the pressure. Thus, in the case of hard Daresbury 
Sandstone, whilst the pressures varied in the ratios of 1, 2, 4, 8, 
and 12, the corresponding discharges varied in the ratios 1, 2-4, 6-6, 
10°7, and 14:1. 

The variations are still more apparent if one divides the dis- 
charge from any test-piece by the pressure producing it, and 
expresses the unit-discharge or discharge per unit-pressure in terms 
of the volume of the pores of the test-piece, as in the appended 
Table (LV, p. 88). 

From a study of this table, one sees that the unit-discharge 
steadily increases throughout the whole range of pressure in the 
ease of the Oolites; while, in the case of the other rocks tested, the 
unit-discharge steadily increases until a certain pressure, which I 
have called the critical pressure, is reached, and then falls off 
with a steady decremental ratio. Thus, for instance, the hard 
Daresbury Sandstone, 6 inches thick, has an unit-discharge or a 
discharge per lb. of pressure at a pressure of 5 lbs. per square 
inch that is only 0°61 of that at 20 lbs. per square inch, which 
for this thickness of this stone is its pressure of maximum unit- 
discharge, the rate of increase between 5 and 20 lbs. per square 
inch being steady; but thereafter the unit-discharge steadily 
decreases until at a pressure of 70 lbs. per square inch the unit- 
discharge is only 0°64 of that at a pressure of 20 lbs. per square 
inch. 

For a thinner section of the same rock this phenomenon is 
noticeable at a lower pressure. The maximum unit-discharge for 
the 3-inch thickness of hard Daresbury Sandstone occurs at a 
pressure of 15 lbs. per square inch, instead of at 20 lbs. per square 
inch, which was the maximum for the 6-inch thickness, and the 
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corresponding ratios are 0°68 and 0°72, at pressures of 5 and 70 \bs, 
per square inch respectively. 

Similar phenomena were exhibited by the specimens of Milistone 
Grit, the pressures of maximum unit-discharge being 60 and 35 lbs. 
per square inch, for thicknesses of 6 and 3 inches respectively; and 
the ratios of the unit-discharge at pressures of 5 and 70 lbs. per 
square inch to the respective maxima being 0°19 and 0-97, and 0°97 
and 0°73. 

The Chalk exhibits still more irregular variations: the Mottis- 
font Chalk haying a maximum unit-discharge at a pressure of 5 lbs. 
per square inch, which decreases steadily to a minimum value = 0°80 
of the maximum at a pressure of 20 lbs. per square inch, and then 
steadily increases to an unit-discharge =0-96 of the maximum 
at a pressure of 35 lbs. per square inch, which is the highest recorded 
pressure for the chalk from this locality, as a little above the 
pressure of 40 lbs. per square inch the stone ruptured. The Michel- 
dever Chalk exhibited a more variable unit-discharge, first increasing 
with the pressure to a maximum unit-discharge at a pressure of 
10 lbs. per square inch, then decreasing at a pressure of 15 lbs. per 
square inch to an unit-discharge =0°98 of that at the maximum, a 
value only slightly less than that observed at a pressure of 5 lbs. 
per square inch; thereafter the unit-discharge increases to a value 
=0-99 of the maximum at a pressure of 20 lbs. per square inch, 
and then it steadily decreases to 0°92 of the maximum unit-discharge 
at a pressure of 40 lbs. per square inch, above which stress the 
stone ruptured. 


From a general consideration of the previous table, we see that 
there is no simple direct connexion between porosity and discharge, 
and we must seek for some other explanation of the extreme 
variability of the discharge of the several rocks. Keeping to the 
assumption that the flow is analogous to that through capillaries, 
and that the phenomena of. capillary flow are comparable with 
those of ordinary pipe-flow, then the extreme variability of flow 
may be due to the greater or less sinuosity of the interstitial 
tube, or to the extreme variability of its cross-section from 
point to point, giving rise to losses of energy such as eddies, etc., 
which always result from unsteady fluid-motion, or to the magni- 
tude of the coefficients of friction of the various rocks, or to a 
combination of these causes. Further, as in ordinary pipe-flow, 
an increase of pressure up to a certain pressure will be productive 
of an increased flow, but when that pressure is exceeded the 
excess of pressure is expended only in the production of eddies and 
excessive friction, and the discharge per unit of pressure more or 
less rapidly diminishes with increase of pressure, so also these 
phenomena may hold for the interstitial tube. This critical pressure 
varies for different rocks, and for different thicknesses of the same 
rock. Thus, for instance, for the slowly-percolating water in the 
interstices of the Oolites, there was no critical pressure within the 
range of the pressures in the experiments, but in the more numerous 
and finer capillaries of the Chalk the flow was relatively faster, 
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and the critical pressure was manifested at the low pressures of 
5 and 10 lbs. per square inch for the Mottisfont and Micheldever 
Chalk. In the coarser interstices of the Millstone Grit the flow was 
comparatively slow, and the critical pressure was not attained until 
the relatively-high pressures of 60 and 35 lbs. per square inch were 
reached, for the 6-inch and 3-inch thicknesses of stone respectively ; 
while, in the coarse interstices of the Daresbury Sandstone, the flow 
was very rapid compared with that in the other rocks under similar 
pressures, and the eritical pressure was in evidence at the com- 
paratively low pressures of 20 and 15 lbs. per square inch for 
the 6-inch and 3-inch thicknesses respectively. With these ex- 
periments in mind, it is therefore not surprising that different 
investigators have formulated somewhat conflicting statements— 
based upon experimental data, derived generally from pumping 
experiments which they have conducted—to the effect that the 
flow varied directly with, or faster than, or more slowly than, the 
pressure : the deductions being entirely dependent on the relation of 
the range of pressure considered, to the critical pressure for flow in 
that particular rock. 

It is, of course, highly probable that differences of pressure as 
great as those in my series of experiments are far in excess of the 
differences pertaining to normal natural sub-surface flow, but they 
serve to afford data in pumping investigations, as I have proved 
in the paper (24) to which I have previously referred. Thus, in a 


well, the inflow at the apex of the cone of depletion is accelerated . 


by the removal of the column of water between the rest-level and 
the reduced working-level of the water when pumping, the pressure 
being reduced by an amount proportional to this height; and this is 
not inconsiderable, as the following Table (VY) shows :— 


ance V> 
Difference | Equivalent pres- 
| between When | sure in lbs. per 
{ee Pumping- Geological rest-level |pumping,| square inch. 
rit | station. | Sormation. and work-| gallons |2-31 feet of water 
ing-level, | per hour.| = pressure of 
in feet. |11b. per sq. inch. 
, fe! me 2 os oa | | ae 
Barnoldswick...| Whitemoor. | Millstone Grit.| 78 | 15,000 | 338 
Birmingham ...| Perry Sink- | Triassic sand- 180 | 25,000 | tho 
ing. stone. | 
Hinckley ...... Snarestone. | Do. do. 80 | 7,500 | 346 
St. Helen’s...... Kirkby. Do. (Bunter). 90 62,500 | 39:0 
Bydeye ss Knighton. | Lower Green- 40 | 16,700 | Wes: 
sand. 
| Dove. .| Ashey. Upper Chalk. 50 | «(8,300 | 21-7 
Farnborough...| Itchell | Do. do. 48 | 8,300 20°8 
| 
' 


Crondall. 


| 
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The flow at all other points within the periphery of the cone 
of depletion is also increased by an amount proportional to the 
corresponding differences of level. At points on the margin of the 
basal area of the cone of depletion, the difference of level (as also 
the increase of velocity) is zero, or the velocity at such points is that 
of the normal interstitial flow. 

It is not often that an opportunity offers to collect any exact in- 
formation on the effect of great differences of natural pressure on the 
sub-surface flow, although, if such data were collected, they would 
be of considerable interest. Prof. Boyd Dawkins, however, informed 
me, some time ago, of an instance recorded in the course of the 
Northwich Brine-pumping Subsidence Compensation Enquiry : 
during Christmas 1892, there was a 20-foot subsidence in a field at 
Marston, probably due to the abstraction of the underlying salt, by 
the flowing brine on its way to the pumps, and the caving-in of the 
superincumbent rock; almost simultaneously with the subsidence 
a rise of the water-level occurred in the pump-wells at Messrs. 
Brunner, Mond & Co.’s Works at Northwich, over 2 miles away from 
the subsidence. In all probability the caving-in of the strata set 
up a wave of compression which passed rapidly through the sur- 
rounding rock, causing an instantaneous increase of velocity in 
the interstitial water, and an increased delivery into the wells. 

Another interesting record is that of Messrs. 8. Cortauld & Co.’s 

well at Bocking (Essex), recorded in several issues of the British 
. Association Reports. The water-level was only 12 inches above 
the surface (130-7 feet O.D.), on April 21st, 1884, the day before a 
severe earthquake ; but the next record, on April 28th, gives the 
level as 31:5 inches above the surface. This increase continued 
until July 7th, when the maximum level of 58°5 inches above the 
surface was attained. Other water-levels of this well are shown 
in the following Table (VI) :— 


| 


Tase VI. 
: 3 Noe ssa Com asd aie pa ai RE, Oa 
Height of water above surface, in inches. | Maximum annuat | 
| Year. | difference of level, 
Maximum.| Date. Minimum. Date. in inches. 
1883... 19 | March 26th. 8 | October 8th. | 11 
| | | | | 
a 585 | July 7th. 95 | January 14th. 49 
| 
1885...) 46 April 7th. 29. | December 14th. Le 
1886... 375 January 18th.) 265 July Sth. | mI 


If sufficient data of similar nature to those already discussed be 
obtained for any strata, it is possible, as I have shown in another 
paper (24), to obtain a fairly-accurate estimate of the yield of wells 
and filter-galleries, the formula being based upon the data derived 
from experimental investigations of flow and pressure and from 
field-surveys. 
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Before leaving the question of flow, it may be of some interest to 
record the mode of rupture of the chalk in the course of the ex- 
perimental investigations. At pressures of about 35 lbs. per square 
inch, pieces broke away from the under surface of the test-piece, 
leaving an apparently-dry surface, showing that the rupture was 
sudden; for soon thereafter the percolating water spread over the 
whole surface in a moist film, on which the drops gathered before 
dropping into the collecting-pan. As the pressures were increased, 
other pieces of lesser size detached themselves from time to time, 
until at a pressure of 46 lbs. per square inch, the test-piece cracked 
near the centre of the unsupported circle of rock, through which 
crack an irregular jet of water passed. By introducing coloured 
water into the cylinder, I was able to stain the surfaces of this 
crack ; and, upon breaking up the test-piece, I found the crack to be 
irregular, but approximately vertical. Other test-pieces of chalk 
gave almost identical results, at similar or slightly higher pressures ; 
and itis possible that chalk-cliffs may in part be destroyed by the 
rupturing action of interstitial water at higher pressures than this. 
In experimenting upon the rate of flow of various solutions 
through capillary tubes, Girard (23) found that the rate of flow was 
largely affected by the strength and temperature of the solution and 
by the chemical composition of the dissolved salt. Thus, for instance, 
the velocity through equal lengths of tubes of the same diameter 
under the same difference of pressure varied, as shown in the follow- 
ing Table (VIT) :— 


Tasz VII, 
| | | 
| | Relative velocity, 
Fluid | Strength of | Temperature | compared with that 
nee | solution. | in°C. of water at 60°C. 
as unity. 
| | 

rae eae Se eee ee 
Water <...4.10 eee eter Suri 0 0-875 | 
| se 60 oye A000 
| Solution of sugar ......... | 1/6 | 8 0-774 | 
| : 80 2-907 | 

” ai). eee ee) 3 0°465 
a 60 1-653 
| Solution of common salt || 1/3 3 0678 
| A 60 2-045 
| Solution of saltpetre ...... 1/3 0 1330 
| x 60 | 2-924 
: i 


I conducted a series of observations on the flow of brine through 
a block of Bath weatherstone under various pressures ; but the data 
obtained were of little use, as neither the discharges nor the differ- 
ence of density of the solution before and after percolating through 
the block were at all constant under the same pressure, nor were 
the variations at different pressures at all comparable one with 
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the other, nor with the discharges of pure water at corresponding 


pressures. | 
As shown in the appended diagram (fig. 1), I found that the 
resulting effluent of a strong brine was, at first, almost entirely 


Fig. 1. 


bo 
oo & 


Pressure in 
lbs. per. sq.in. 


Number of experiments. 


Number of experiments. 


Density of solution before percolation. 
Density of effluent after percolation. ..._—— a 


Density of solution in °Baume. 


Diagrams shewing 
the variations in density of brine 
flowing through a block 
of Bath Weatherstone 

under various pressures. 


— 
— 
(=) 


Difference of density of solutions im °Baume, 


cleared of all the salt in the solution; but later, on using a weaker 
brine, I found that the effluent was a much stronger brine than the 
inflowing solution, deriving its salt from the pores of the rock. 
I experienced considerable difficulty in removing the salt from the 
pores, hot water and long-continued soaking failing to eliminate 
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all traces of the salt long after the experiments had terminated ; 
and the whole test was an excellent object-lesson of what may be 
expected when a water-bearing rock is overpumped in the vicinity of 
the sea—an experience which has been realized in more than one 
seaside resort deriving its water-supply from sub-surface sources. 
Also, for the reason that the temperature of a solution and the 
nature of the salt affect so radically the rate of flow, it seems to me, 
although this point has not previously received the attention that 
it deserves, to be most essential that the temperature and density 
of any underground stream should be recorded wherever and when- 
ever possible, as, without these data, experimental records are not 
directly comparable. 


Il. Expernrextat Dara on VARIATION OF PRESSURE IN THE 
INTERSTICES OF A Rock. 


Various investigators have endeavoured to measure the basal area 
of the cone of depletion produced by any specific pumping in a 
locality, but not infrequently, owing to an insufficiency of data, the 
area of depletion has been very arbitrarily delimited. 

Prof. Boyd Dawkins, in his most interesting lecture, ‘On the 
Relation of Geology to Engineering’ (1), to which I have pre- 
viously referred, gives a fairly lengthy list of measured cones of 
depletion in the Chalk; one of which, that produced when pumping 
63 million gallons a day at the Mill-dam Pumping Station of the 
Hull Corporation, is particularly interesting owing to the fullness 
of its detail. 

Hoadley (25) in the Malden experiments very carefully investi- 
gated the rate of growth of a shallow cone of depletion, when 
steadily pumping 2300 gallons an hour for 10 hours from a 3-inch 
well througha 14-inch pipe. The difference of level in bores 5 feet 
10 inches apart is shown in the following Table (VIII) :— 


Taste VILL 


| Drop of level when pumping 2300 gallons an hour. 
| No. of hours | py UEP Ung gattons ai 
| from the ———— 
) 


| commencement. / At well. 5 ft.10ins. fromwell. | 11 ft. 8ins. from well. 
| ee ) 2-28 0-52 9-49 
| EAS | 2:38 0-67 0-65 
Bee eee | 2-48 0-75 0-73 
| PS | 2-53 | 0-81 0-79 
| 5 ee | 258 0-84 0-81 
| Gi ee 2-61 ! 0-86 0-84 
Tee 2-62 ' 0-89 0-86 
3 see 2-64 0-92 | 0-89 
9 2-66 0-94 0-91 
| 10 2-67 0-97 ) 0-94 
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This table affords an interesting study of the increased rate of 
flow induced by a difference of pressure. At the outset, the inflow 
to the well being at normal velocity is not equal to the volume 
abstracted by the pumps, and a considerable central depression is 
produced. As the difference, however, in the volume of successive 
hourly cones is not a constant quantity, but the differences are 
related one to the other in a decremental ratio, it follows that the 
rate of inflow must steadily increase, since the quantity abstracted 
is fairly constant. 

Hoadley has also devised a neat piece of apparatus for experi- 
mentally determining in the laboratory the outline of the cone of 
depletion in sands of varying degrees of coarseness. 

Slichter assumes that the circumferences of concentric circles are 
crossed by equal amounts of water in the same time, and that 
‘therefore the velocity varies inversely as the distance from the axis 
of disturbance; and he deduces a mathematical expression for the 
pressure at any point, at any distance from the well. He also 
evaluates the drop in pressure in a sandstone under a head of 10 feet 
at various distances from the well, somewhat as shown in the 
following Table (1X) :— 


Taste IX. 
Distance from centre of well, Drop in pressure, | 
in feet. in Ibs, | 
0:25 10 | 
0°54 9 
1-19 | 8 | 
2°58 | a | 
5°62 | 6 
12°25 5 
26°67 + 
57-52 3 
126°50 2 
275°50 1 | 


| 


I endeavoured to solve the question, upon the assumption that 
the outline of a transverse vertical section of the cone of depletion 
would be a curve, the coordinates of which would vary directly as 
the distance from the centre of disturbance, and as the rate of loss 
of unit-pressure at the several distances from that centre: the value 
for the basal radius of the cone of depletion being that distance from 
the centre of disturbance in the plane of the water-surface at which 
the loss of unit-pressure is zero, or at which the velocity of flow is 
normal, J therefore made an experimental determination of the 
loss of pressure at each inch of depth below the surface of a cylinder 
of rock of certain thickness, when subjected to a considerable 
difference of pressure on its two surfaces: the upper surface being 
subjected to various constant hydrostatic pressures, and the pressure 
on the lower side being atmospheric. The internal pressures were 
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recorded at each inch of depth below the pressed surface by piezo- 
meter tubes, projecting radially into the rock-mass and closed at 
the outer end, the tubes being so arranged that no one tube inter- 
fered with the flow past any other: and results as shown in the 
following Table (X) were obtained as the averages of a large 
number of separate experiments :— 


Pressure | | a 
in Ibs. | i i... | | aad pe 
per sq.in,| Lin.) 2in.| |3in.|4in 15 alltin| 2in| (Bin. 4in. 5in.) lin.) Qin. 3in.|4in. 5in:! 
Minibar Bae 
10...) 94) 38) 8-4 79 70 73| 63) 54 44 36) 6-0) 49 4]| 2-9) 1-4| 
20 ...| 18-9) 17°7| 168 (15-9 142/149 129) 11-1 92 74/120) 99 82) 58! 27 | 
30 232 36-8) 25°3) 23°8| 21-2 22-4) 19°7 16-9 14-1 11-2) 18-2) 14-9 125) 88) 41) 
40 eee 302, 33°6, 31-8| 28-3 30-0) 26-1) 22°6 18-7 15-0 24-1) 200 16-4) 11-7 5:5) 
O'S a .. /eeeee 87:5 32:8) 23-2 23:3 18-8 30-2 25-0 20-9 147) 68 | 
i. ee a me (45:2 39°7/ 340 28-2 22°7| 36-1) 300) 2 25'1 17:8) 82 
70 221) 25 | 223 2) Son eee eee 462) 39°7 32°9 26° 97 
t H i 


TABLE X, SHOWING THE PRESSURE IN LBs. PER SQUARE INCH AT VARIOUS 
DEPTHS FROM THE PRESSED SURFACE IN SIMILAR THICKNESSES OF Rock. 


Surface-| Micheldever Chalk. || Bradford Oolite. Hard Daresbury Sanco 


Taste XI, sHowING AVERAGE Loss oF Unit-PressurE per Incu oF Deprtu. 


| Loss of unit-pressure per inch of depth in 
Distance tn tnehes |= 2 (2S ee ee 
trom surface 


| 
under Pressure, Micheldever Bradford Hard Daresbury / 
| Chalk. Oolite. Sandstone. | 
a=... Ck ac Ga 
Nee | 0-060 0-250 0396 
ie ee oe aa 0-057 0-170 0-250 ) 
ea Boret eis) 9°053 07146 0-194 
« Up el 0-052 0°133 0-176 


Di ccvanter ee 6-059 0-125 0-175 


If the difference between the surface-pressure and the pressures 


at the several depths be divided by the respective depths beneath 
the surface and by the corresponding surface-pressure, as shown in 
the preceding Table (XI), one has a directly-comparable rate of loss 
of pressure for each stone ; and it will be observed that there is a con- 
siderable difference in the rate of variation of pressure in the chalk 
and in the sandstone, the sides of the cone of depletion having a 
steeper rise in the immediate vicinity of the centre of disturbance 
for the chalk than for the sandstone. Curves which are plotted 
from data such as those embodied in the preceding table have a close 
resemblance to the outline of those cones of depletion that have 
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been determined with some considerable degree of accuracy in the 
field ; and assuming, as Hoadley’s experiments demonstrate, that the 
outlines of cones of depletion in the same strata are approximately 
similar, but vary in magnitude, as more or less parallel curves 
according to the duration and intensity of the pumping; then it 
follows that, by adjusting the vertical scale of the diagram so that, 
in place of a difference of 1 lb. of pressure per square inch, it 
gives the pressure in lbs. per square inch corresponding to the 
difference of water-level at rest and when pumping, then a corre- 
sponding adjustment of the horizontal scale will at once afford data 
as to the variation of pressure with distance in the field, provided 
that the strata be uniform and of structure and texture similar to 
the structure and texture of the experimental test-piece: the diagram 
of loss of pressure then really becomes a scaled section of the cone 
of depletion. This method of graphic representation can be further 
applied, to afford an estimate of the percentage interference of two 
contiguous wells, 


LV. Frevp-OpservaTions. 


Although numerous geologists and hydrologists have at various 
times conducted more or less extensive hydrological surveys, the 
question of the controlling factors of sub-surface flow has not 
received the full measure of attention that so important a subject 
deserves, and most of the papers which have been written deal 
rather with the shallow sub-surface waters of the euck than with 
those of the older formations. 

Of the former division, two very interesting contributions are 
those in which Haas (26) points out the extreme irregularity of 
level of the water in the gravels of Eastern Schleswig-Holstein, 
owing to the restricted areas and very irregular disposition of the 
gravels in the Boulder-Clay of that district ; and in which Salbach 
(27) demonstrated, by trial-pumpings in the gravels of the Rivers 
Elster, Saale, and Elbe, that there was not only a considerable 
variation of level, but also of chemical composition of waters 
derived from bores, in close proximity to one another, let into the 
bed and banks of the stream respectively. In the latter division, 
Chalon (28), Paramelle (29), Lueger (30), and other writers have 
contributed not a few data on the influence of surface-configura- 
tion and of the disposition of the impervious substratum forming 
the base of the water-charged rocks. These writers in general 
state that the levels of the underground waters vary on the whole 
directly with the surface- conficuration, and that the lines of sub- 
surface flow are mainly coincident with those of the surface- 
drainage. But the theorem is not so obviously apparent; for, 
alflioneh the areas of greatest surface-elevation of a permeable 
rock may, and most probably will be, areas of high sub-surface 
water-level, still it does not universally follow that the drainage- 
lines of both systems will also be coincident; as the agencies 
which give rise to the formation of surface drainage-lines are not 
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likely to come into operation in the case of the sub-surface flow ;— 
in the one case—that of surface-flow—the predominént factors are 
the declivity and relative durability of the strata passed over; and 
in the other, the controlling factors are the difference of pressure 
along the lines of flow, the varying texture of the strata traversed, 
and the disposition of contiguous impermeable strata: nor does the 
theory find full confirmation in the field. If we consider the 
hypothetical case of the percolation of water into a conical mass of 
rock of uniform texture, porosity, and absorptivity, resting upon a 
horizontal bed of impervious material, we perceive that, succeeding 
- a period of inflow the percolating water will arrange itself so that 
. its external form will be that of a somewhat lesser cone with a 
rounded vertex, and with sides sloping less steeply than those of 
the cone of rock. 

During a period of excessive B oranlation, the slope of the surface 
of the water-cone will more nearly approximate to the external 
configuration of the rock-cone; but, during a period of deficient 
percolation, the outflow will reduce the quantity of the stored 
interstitial water, and the slope of the water-surface will tend 
more and more to horizontality. Consequently, the areas enclosed 
by the higher contour-lines will steadily diminish and perhaps 
disappear, while the areas enclosed by the contours of lower level 
will gradually broaden, or at least be maintained almost constant, 
by the inflow of the water from the higher levels; also, in this 
ideal case, the contour-lines will be uniform curves, more or less 
parallel to each other and to those of the external surface-contours. 
If several such cones be grouped contiguously in a cluster, or 
arranged in a chain so that they interpenetrate one another in 
the region of their bases, then the interstitial water within the 
region of interpenetration will be banked up and stand at a slightly- 
higher level than it would stand in the corresponding area of the 
individual cone, and thus, instead of forming parallel or similar 
curves, the soins will now be distorted in the region of inter- 
penetration. From considerations such as these, it follows that the 
periodic variation of jevel will be in general of greater magnitude 
in regions of high water-level than in the areas of low water-level in 
the same strata ; and this is borne out by field-observations, as the _ 
accompanying Table (XII, p. 98) shows. 

This seasonal variation of level will be greatest between a 

high water-level period, following a season or seasons of excessive 
flood, and a low water-level period, following a period of con- 
tinued drought; but it is also of considerable magnitude, even 
in yearly periods, in high-level districts, as Table XIII (p. 1u0) 
shows. 
_ This record, in no wise exceptional for a high-level well, is 
directly dependent upon the incidence of the available rainfall, 
which is the annual rainfall for the district after deducting the 
losses due to evaporation and run-off, losses which vary ‘considerably 
in the four quarters of the year, as Table XIV (p. 100) shows, 
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TaBie XIII, sowine toe Axnvat Extreme VARIATION OF LEVEL IN 
THE WELL aT SuepuerDs SHorz, DEVIZES. 


Dates of extreme levels. 


| 
| E Variation - 
Year of level, 
his | Highest. | Lowest. an feet: 
IS9Ae si. March 26th. October 30th. 45:0 
Jl SObs.a veers January 28th. November Sth. | 58:3 
TSG 2 aes Pe loth: September 24th. 393 
OO feet ee cee March 29th. December 14th. 54:3 
TSOS22 ese: February 7th. November 26th. 31°5 
SOO Re oes i 28rd. December 6th, 64:7 
L900 2 March 8th. " 4th. 62°8 
| LS; | Whee, Spa April 27th. Ss 2nd. 426 
| ROO rem ca May 5th. November 26th. 30°5 
eae Sea apes | Be tne January lst. 53°0 
i 


Taste XIV, snowine tHE Man Rarnraru, Ruy-orr, EvApPoRaTIon, AND 
-Prrconation in THE Tuames Basin, 1x Incuss or RAIN DISTRIBUTED OVER 


THE WHOLE AREA. 


| 

Rainfall. 

| Period. 

| inches. 

| 

| 
Oct. to Dec. 8:01 
Jan. to March 6:07 
ApriltoJune...| 5°28 
July to Sept....| 6°76 


H 
t 
{ 
| 
H 


In TureE-Montuty PErtops. 


Evaporation. 


Run-off. 
As a per- As a per- 
inches. ae @ || inches. Fie ¥ 
rainfall, | rainfall. 
216 | 27:0 | 085} 106 
3°21 52°9 0:99 16:3 
1°55 29°3 6-70} 126°9 
0-82 12-1 6°48 


In Srx-Montuzy Periops. 


95:9 


Oct. to March | 14-08 
| April to Sept. .| 12°04 


| 


Oct. to Sept. | 26°12 


| 
| 
| 
| 


| 
37 | 331 
37 


rat | 
| 19°7 


5: 
2: 13°18 | 


13:1 
109°5 


| 


{ 
| 
| 
| 
| 
Percolation, | 
| 
| 


Asa per-| 
inches. Be e 
rainfall. 
45-00 | +624 
+187 | +308 
—2-97 | —56°2 
—0:54 | — 80 
. +687 | +488 
—=o-Ol |) —29;2 


evaporation and run-off. 


In Yrarty Perrops. 


774 | 296 || 15-02 


575 


— signifies that the percolated water is drawn upon to maintain 


43:36 | +129 


Peer melirevorded above te the average rainfall over the whole > 
Thames Basin during a period of 20 years, from 1883 to 1902. 
The run-off is the average discharge over Teddington Weir for 
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the same period, expressed as inches of rainfall over the whole area ; 
and the evaporation is that determined by the late Mr. G. J. Symons, 
at Camden Square, London, during a period of 14 years. I have taken 
these latter figures, because it is somewhat difficult to estimate 
the exact evaporation over so wide an area as that of the Thames 
Basin: the normal evaporation being largely increased by vegetable 
growth, and by the action of capillarity in lfting towards the surface 
the water which would otherwise percolate to deeper zones. It is 
interesting to note from the above that, out of an average annual 
rainfall of 26 inches over the entire Thames basin, only 13 per cent., 
or 3°4 inches of rain, is available for percolation. Now, although I 
do not accept all the numerous statements of alleged permanent | 
depletion of the sub-surface water-supply, of which one hears from 
time to time, and which may have no other foundation than an ill- 
considered comparison of a single maximum water-level succeeding 
a period of excessive rainfall, with a single minimum water-level 
succeeding a period of deficient rainfall: still, it may happen that, 
with so small an average percolation as the table shows, the 
pumping within the area, together with the normal discharge from 
the springs, may so closely approximate to, or even exceed, the 
percolation, as to preclude any possibility of the recuperation of the 
sub-surface supplies, especially during a period of long-continued 
drought. It also follows, from a consideration of the hypothetical 
case, that hill-masses wi!l have a considerable influence in distorting 
the contours; this is well shown in the accompanying hydrological 
-map of Dorset, Wiltshire, and Hampshire (Pl. V), in which both the 
surface and underground water-contours are shown, both being 
referred to Ordnance-datum. 


Reverting again to a consideration of hypothetical conditions, 
we see that, if an uniformly-porous stratum with an evenly- 
sloping surface rests conformably upon an impervious bed, which 
crops out in a straight line and slopes uniformly with a greater or 
less inclination in the same direction as the surface, then the 
contour-lines of the sub-surface water will be a series 
of lines parallel to the line of the outcrop of the im- 
pervious bed, which will approach to or recede from 
the line of outcrop, according as the supply of perco- 
lating water is in excess or in defect. If, however, 
instead of an uniform surface it be undulatory or uneven, then, 
instead of a series of more or less parallel lines, the contours will 
be a series of similar curves, with major axes more or less parallel 
to the line of the outcrop, the case being a combination of the two 
previous hypotheses; and these assumptions are verified by observa- 
tion in the field, as shown in figs. 2 & 3 (p. 102), not only in the 
Chalk of Hertfordshire, but also in that of Wiltshire. 

In the first-named county, the main axes of the high-level-water- _ 
contours, in the area embracing the villages of Weston, Rushden, 
Sandon, Barkway, Buckland, and Cottered, are roughly parallel to 
the line of outerop of the Gault-Clay, which ranges by Tilsworth, 


Sketch-Map 
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Chalgrave, Toddington, Shitlington, and Stondon; while, in the 
latter county, the sub-surface water-contours in the area to the 
north and west of Marlborough have their axes parallel to the line 
of outcrop of the Gault-Clay, which ranges by the foot of the Chalk- 
hills through Compton Basset, Clyffe Pypard, Wroughton, and 
Bishopstone. A similar parallelism can also be traced in the north- 
western extremity of the Salisbury-Plain area: the contour-lines 
being roughly parallel to the line of outcrop of the Gault-Clay, 
ranging by Dilton Marsh and Coulston. 

Finally, if the homogeneous stratum be replaced by one of 
varying texture and porosity, then the contour-lines, while still 
retaining a rough parallelism, will be indented or prolonged toa 
degree proportional to the structural variation of the strata in that 
locality. If, on the other hand, it be faulted, the faults may 
either tend to lower locally the water-level by providing freer 
outlets along the lines of rupture, or else raise it by interposing 
a more or less efficient dam across the line of flow; as in the 
instances previously quoted, the percentage-porosity of a porous 
stratum may be locally affected by the faulting. It is thus possible, 
by a careful study of the hydrological map ofa district which has 
been surveyed with some exactitude, to gain a considerable know- 
ledge of the details of the geological structure of that district 
which might not be otherwise available, while, at the same time, 
affording valuable data for the scientific solution of the water- 
supply and other water-problems of that district. 
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EXPLANATION OF PLATE V. 


Hydrological map of Dorset, Wiltshire, and Hampshire, on the scale 
of 4 miles to the inch. 


Discussion. 


Sir Jonny Evans said that they were very much indebted to the 
Author for his observations. With regard to the Chalk, permeability 
depended not so much on the nature of the Chalk itself as on the 
fissures by which if was traversed. The angle of friction determined 
the flow of streams above ground as well as below; thus, in the case 
of the Gade and the Bulbourne, the inclination of the stream was 
12-5 feet to the mile near Watford, but in other localities nearer the 
base of the Chalk, where it became more clayey, the inclination was 
19-5 feet to the mile, and near Dover 40 feet to the mile. 

Mr. W. WuitakerR commented on the great practical as well as 
theoretical value of such papers as that brought forward by the 
Author. 

Mr, Connineuam-Craie said that he could fully endorse the 
previous speaker's remarks as to the usefulness of information of 
this kind, especially in connexion with water-supply in the tropics. 
If the Author’s points were more fully and frequently present to 
the minds of geologists, the provision of water for small communities 
in tropical regions would be greatly facilitated. 

Mr. G. W. Youne enquired the precise meaning attached by the 
Author to the word porosity. Was it the total amount that the 
rock would absorb, or the amount absorbed within some given 
time ? 

Mr. W. Batpwiw said that he would like to ask the Author 
whether he had made any experiments showing how variation of 
pressure would affect the porosity of various rocks. 
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Prof. Warts added his testimony to the value of the paper. 
Such maps as those plotted out by the Author, showing the actual 
distribution of underground water, would be of great service, and 
would help to correct the generally erroneous ideas of the public, 
who were prone to imagine that the distribution of water was con- 
ditioned by absolutely magical laws. 

The AurHor thanked the President and the Fellows for their 
kind attention to, and their remarks upon, the paper. In reply 
to Mr. Young, he remarked upon the indiscriminate use of the 
word porosity to express both porosity and permeability, and 
he also touched upon the influence of air in obstructing the flow of 
water into and through a porous rock. 

In reply to Mr. Baldwin’s query, he stated that, as he had 
pointed out in the paper, the quantity and chemical composition of 
the dissolved salts and the temperature of the water were factors of 
primary importance in investigations of the rate of flow of water in 
rocks ; and that, although this had not received the attention which 
it deserved in previous investigations, it was most essential, in order 
to obtain comparable results, that the salinity and temperature of an 
underground stream should be recorded at the point of outflow, 
and wherever else that was possible. 


Q.J.G.8. No. 250. : 
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7. The Ace and Ortein of the Puaresaus around Toravay. By 
AtrreD JoHN JuKeEs-BrownE, B.A., F.G.S8. (Read Feb- 
ruary 6th, 1907.) 


Havine lately paid special attention to the hills and valleys of the 
Torquay district, I have been struck with the fact that the hills 
fall into two categories: first, those which rise above the level of a 
certain inclined plain or plateau; secondly, those which seem to 
have been carved out of this plateau. In the first category are the 
Warberry and Lincombe Hills, and the high ground above Kilmorie 
which bears no special name, but may, for the sake of convenience, 
be called ‘Kilmorie Hill.’ In the second category are nearly all 
the other hills within the Torquay watersheds ; few of these hills 
rise much above 300 feet, and many of them are fiat-topped, such 
as Daison Hill and Lummaton Hill. : 

Besides these fiat-topped eminences, there are also definite 
plateaus which cannot be called ‘hills,’ but are obviously portions of 
one or more ancient plains. As instances of these, I need only 
mention the Babbacombe Downs, and the smaller tract which is 
known by the rustic appellation of Daddy-Hole Plain. 

The plateaus around Torquay, and the problems which they offer 
to the student of physical geography, did not escape the notice of 
William Pengelly, who referred to them in 1864 as ‘terraces of 
denudation. He seems to have regarded them as submarine 
platforms produced by the planing action of sea-waves at a time 
ee ay remote geologically—when the entire district was below the sea- 
evel.’ 

In 1866 he developed the idea still further in a paper on 

‘ Lithodomous Perforations ... in the Limestone-Rocks of South- 
Eastern Devonshire.” In this he notices the different levels at 
which the ‘terraces’ occur at Babbacombe, Torquay, and Brixham, 
and admits that they might be portions of a single inclined plane, 
and that this would be a natural conclusion unless there were 
evidences of distinct pauses at three different levels. Such evidence 
he believed to exist on Daison Hill, of which he says the top 
‘is a well-marked platform at the 280-feet level; and on its slopes there are two 
indentations or shelves at the requisite heights of about 240 and 200 feet,’ 
(Op. cit. pp. 90-91.) 
Now, if three well-marked terraces or platforms do occur on one 
and the same hill, Pengelly’s inference that they indicate three 
distinct periods of planation would be correct; hence it is necessary 
to examine these supposed terraces. 

The summit of Daison Hill is a platform, and undoubtedly corre- 
sponds with the St. Marychurch plateau, although both are higher 


1 Trans. Devon. Assoc. vol. i (1864) pt. iii, p. 51. 
2 Ibid. pt. v, p. 82. 
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than Pengelly supposed ; and it is true that on the southern slope of 
the hill there are certain indentations or shelves between the contours 
of 200 and 300 feet, but I believe these to be of an entirely local 
and artificial nature. 

In the first place, they are confined to that portion of the hill 
which faces south-east, and they consist of a succession of terraces 
each backed by a nearly vertical cliff of rock; for a short distance 
there are three such terraces, but, when traced to the north-east, one 
merges into the other, and all of them merge into a steep slope 
below an escarpment. Finally, at the eastern end of the hill this 
feature also dies out, and no terraces occur on the northern or 
western sides of the hill. 

On the Ordnance-map the word ‘ Entrenchments’ is engraved 
against these terraces; but this seems to have been a mere guess, 
for what would be the use of cutting platforms out of solid rock on 
a steep slope to defend a strong natural position at the top of it, 
while leaving easy access to the plateau on the eastern flank? It 
seems much more likely that these steps are excavations whence 
stone was obtained for building Daison House and Farm; and 
Dr. H. Humphreys, who has recently examined the locality, concurs 
in this opinion. Daison House was built about 70 years ago, 
before Torquay existed as a town, and when few quarries were 
open. 

a must be remembered that, when Pengelly wrote, the sea was 
credited with a much larger share in shaping the features of the 
land than is admitted by modern scientific opinion. He refers, in 
fact, approvingly to Robert Chambers’s ‘Ancient Sea-Margins,’ a 
book which no modern geologist would accept as a safe guide to the 
explanation of suchfeatures. Pengelly’s own theory of the origin of 
the perforations in the limestone also failed to find acceptance, and 
thus his differentiation of the plateaus into three distinct levels or 
terraces entirely breaks down. ; 

It is evident, therefore, that we may recur to the view which, 
unless there was evidence to the contrary, Pengelly admitted to be 
the most simple and natural of any, namely, that the various 
platforms which are at rather different levels in dif- 
ferent places are really parts of one inclined plane, 
and were consequently formed at one and the same 
time. In what follows I shall assume that this was the case. 


Description of the Plateaus. 


Before proceeding further, it 1s necessary that I should indicate 
the hills and plateaus which seem to have been parts of this 
originally continuous plain, and it will be convenient to begin with 
the northern part of the area. 

The northern limit of what may be called ‘ the Torquay district’ 
is the range of hills which runs through Watcombe Park. From 
the foot of this we find a platform stretching out on each side of 
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Barton, reaching on the west side to Clennon Lane, and on the east 
side including the summit of Mincent Hill, or rather what is left of 
it, to the east of the extensive quarries (see fig. 2). This platform 
slopes southward from a level of about 360 feet to about 340 feet. 

On the western side it is 
connected by a slightly lower 
ridge with Lummaton Hill, the 
summit-level of which is not 
indicated on the Ordnance-map, 
but is probably about 340 feet. 
The top is very flat, and has 
evidently formed part of the same 
plateau, partly separated by the 
hollow or combe which has been 
excavated out of the intervening 
strip of Permian clay. 

Lummaton Hill slopes grad- 
ually south-westward into the 
narrow valley which is occupied 
by the hamlet of Hele; but the 
ground rises again to the south 
of this into another flat-topped 
eminence, which is generally 
known as ‘ Windmill Hill,’ al- 
though its ancient. and proper 
name is ‘ Yeadown’ or ‘ Yaddon’ 
Hill. East of this, across the 
narrow gorge of ‘ Combe Valley,’ 
we find Daison Hill with a 
similar flat top (see fig. 3, p.110), 
the altitude of which is prac- 
tically the same as that of 
Yeadown (about 520 feet). 

If these hills are viewed from 
any height to the north or south 
of them, they present the ap- 
pearance of a single mass of 
limestone which has been cleft 
in twain. A century ago the 
cleft would have been attributed 
to ‘some convulsion of Nature’; 
to-day we know that it has been 
effected by the gradual action 
of the little stream which runs 
through the ravine, and has cut 


its way down from the summit of the ancient plateau during the 


upheaval of the whole country. 

East of Lummaton and Daison Hills lies the St. Marychurch 
and Babbacombe plateau, the northern part of which is more than 
330 feet above sea-level, but slopes gradually southward through 
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Babbacombe and Plainmoor to the foot of Warberry Hill. This 
plateau is continued over Walls Hill, the highest part of which is 
marked as 267 feet, and through Wellswood, where, however, it 
has suffered much from detrition, and does not rise above 254 feet. 
Farther south is the limestone-hill of Stoodley Knowl, which is 
only separated from Walls Hill by the depression of Anstey’s Cove, 
and reaches the same height. South-eastward is Black Head, 
which rises to 304 feet, and may possibly have been part of the 
plateau. 

South of the Yeadown-Daison plateau, the old plain has prac- 
tically been destroyed by the long-continued action of rain and 
running water, acting on a tract consisting of a broken and faulted 
complex of Devonian limestones, slates, and grits. As a con- 
sequence, this tract has been carved into a series of hills, ridges, 
and spurs, none of which rise to the level of 250 feet. The highest 
and most northerly eminences are Stantaways Hill (248 feet) and 
Upton Hill (about 212 feet). Torre Hill does not rise above 180 
feet, but Waldon Hill reaches about 200 feet; while on Stentiford 
Hill the ground rises to about 230 feet, and merges into the foot 
of the Warberry ridge. Still farther south, Vane Hill and Daddy- 
Hole Plain rise to a little above 200 feet. 

These hills and plateaus are so nearly of the same height 
that one can hardly doubt that they were carved out of a southerly 
extension of the ancient plain, though their summits are all now 
very much below the level at which it must have passed, unless 
this portion of it has been let down by still later faulting. 


_ Age of the Plateau-Surface. 


The period of time within which this ancient plain must have 
been formed is indicated within certain limits by the geological 
structure and physical features of the district. 

In the first place, we have positive evidence of the post-Permian 
age of the planation, in the fact that the Permian rock enters into 
the structure of the plateau at St. Marychurch, where a tract of 
Permian conglomerate lies between two parallel faults (see map, 
fig. 1, p. 108 & section, fig. 4, p. 110), across which the surface of 
the plateau passes without any interruption. In this tract the 
conglomerate, or the surface upon which it rests, has a considerable 
slope towards the east, for on the west side of St. Marychurch its 
base rests upon Devonian limestone at a level of about 300 feet 
above the sea, while on the coast at Oddicombe Beach it descends 
below the level of the sea. The slope thus indicated may be a 
pre-Permian slope, and not due to any subsequent tilting, for in 
Oddicombe Cliffs the prevalent dip of the beds appears to be northerly 
or north-easterly. In either case, the present surface of the ground 
is due to subsequent planation ; and this surface merges into that. 
of the Babbacombe plateau, which consists of Devonian slates and 
limestones. 
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In the second place, the broken and fragmentary state of the 
plateau, the rounded edges which border many of the isolated parts 
of it, and the numerous deeply-cut valleys by which it is traversed, 
prove that it has been subjected to the erosive action of rain and 
rivers for a long period of time. Its dissection into separate hills 
and plateaus can hardly have been effected within the limits of 
Pleistocene time ; and there are good reasons for thinking that the 
present system of watercourses could not have been established on 
its surface, but must have originated on the surface of other beds 
which covered it to a considerable thickness. 

We have, therefore, to consider whether this plateau may not 
date back to Mesozoic or early Tertiary times, and whether it may 
not have been buried beneath a certain thickness of Cretaceous or 
Eocene deposits, or both, to be denuded of this covering and 
revealed during the progress of later Tertiary time. 

The structure of the country which extends from the Haldon 
Hills through the east of. Devon furnishes us with evidence of 
two epochs, during which such a plain might have been formed. 
These are the early part of the Cretaceous Period and the early 
part of Kocene time. 

At the beginning of the Cretaceous Period the greater portion of 
England and Wales was land, and it was only in consequence of 
continued subsidence that the Cretaceous sea gradually spread 
eastward, and by its advance formed a plane of marine erosion 
across the basset-edges of the older rocks, passing from the surface 
of the Upper Oolites in Dorset to that of the Trias and Permian 
in Devon. 

The Cretaceous sands lie upon the Permian conglomerates through- 
out the whole area of the Haldon Hills, and there is no reason to 
suppose that the Cretaceous planation cut down to any lower 
formation along the same line of longitude in Devon. South of the 
Teign estuary we find a large area of Permian conglomerate, the 
base of which nowhere rises much above sea-level, while its surface 
reaches to heights of over 500 feet, yet no trace of Cretaceous sand 
in situ has been observed upon it. These sands did, no doubt, 
originally extend over the entire area between the Haldon Hills and 
the shores of Torbay, but in all probability at a high relative level 
above the present surface of the ground, with always a considerable 
thickness of Permian deposits between them and the older Paleozoic 
rocks. 

The next period at which extensive planation took place in 
Devon is that of the Eocene. Throughout the eastern part of Kast 
Devon this plane probably lay principally upon the Chaik, but west 
of Honiton and Sidmouth it seems to have passed on to the surface 
of the Greensand. Mr. Clement Reid has expressed the opinion 
that the deep gravel which caps the Haldon Hills is Hocene, and of 
the same date as the Bagshot gravels of Dorset. It is true that he 
regarded them both as river-gravels, but their mode of occurrence 
on Haldon as a plateau-gravel seems to me sufficient to make such 
a view of their origin almost impossible, seeing that they extend 
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for a distance of more than 8 miles in a north-and-south direction, 
which would be at right angles to the general course of a river 
running from west to east. 

From Mr. Reid’s latest remark on the subject, it is clear that he 
expects to find that 


‘a chain of outliers of the Bagshot river-gravels will connect the Eocene of 
Dorset with that of Bovey Tracey in Devon.’ * 


Mr. H. B. Woodward holds a modified form of this view, regard- 
ing the upland plateaus of Kast Devon 


‘as belonging mainly to a plain of subaérial erosion that had been intersected 
by the Hocene river and its tributaries (referred to by Mr. Reid).’? 


It seems to me very improbable that any traces of an early 
Kocene river-valley with its gravels should exist at the present 
time in Devon, because all such traces must surely have been 
obliterated by the advance of the waters in which the Bournemouth 
Beds were formed. The Bagshot gravels of Dorset pass eastward 
beneath the sands and pipe-clays of these beds; similar white sands 
and clays are associated with the patches of gravel in Hast Devon; 
and finally we find gravels passing beneath similar beds in the 
Bovey basin. Hence I should infer that the Bournemouth Beds 
originally covered the whole area from one end to the other in a 
broad sheet, and consequently that all the gravelly material which 
had been carried eastward by brooks and rivers in early Kocene 
times was re-arranged and spread out under the waters of the 
lakes and lagoons which seem to have been formed in front of the 
advancing Eocene sea, as the wide plain gradually sank below the 
sea-level of the period. 

If, therefore, the Haldon Gravel is of Eocene age and occupied 
its present relative position in Kocene time, I contend that it 
must have formed part of a widespread deposit which extended 
from Dorset to the borders of Dartmoor, and that it rested on a 
continuous plane of erosion which had a gentle easterly slope. I 
have, in fact, formulated the same view in a previous paper.*® Further, 
if the Haldon Gravel was continuous with the gravels which pass 
beneath the sands and clays of the Bovey basin,* we have proof that 
the Eocene planation had cut down through the Cretaceous and 


1 Summary of Progress of the Geol. Surv. for 1900 (1901) p. 122. 

* Proc. Geol. Assoc. vol. xix (1906) p. 330. 

* «The Valley of the Teign’ Quart. Journ. Geol. Soc. vol. Ix (1904) p. 323. 

* There is more evidence of connexion between the Haldon and the Newton 
gravels than would appear from the earlier hand-coloured copies of the 
Geological-Survey map (Sheet 339); for, owing to mistakes in the colouring 
(since rectified), three patches of gravelly material were coloured as igneous 
rock and two others as Culm-measures. All these patches lie on the mass of 
Devonian limestone which occupies the ground north-east of Kingsteignton, 
and they gradually ascend a slope from a level of 100 feet above O.D. to one 
of 340 feet, beyond which is another patch at about 365 feet, and, lastly, one 
which touches the 400-foot contour. In this way we carry the area of the 
Bovey deposits to within a mile of the Haldon plateau, although this extension 
is still 300 feet below the border of the gravel on Little Haldon. 
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Permian strata to the underlying Paleozoic rocks. The surface 
thus produced may be called ‘ the basal plane of the Eocene Series.’ 

It would seem, therefore, that the Eocene was the earliest epoch 
at which the plateaus of the Torquay area could have been formed. 
On the other hand, the special features and the present condition of 
the plateau-area make it unlikely that its surface dates from a much 
later period of the Earth’s history. 

The special facts are that the plateau-area has been dissected and 
trenched by several deeply-cut valleys, that these valleys all drain 
southward, and that one of them (the Isham valley) cuts through a 
ridge which is higher than the plateau on which it rises. These 
circumstances lead me to conclude that the existing drainage- 
system has been transferred from a vanished surface high above the 
present one. Such a surface would have been that of the Eocene 
deposits which were raised into land during Oligocene time. Con- 
sequently, the theory that the plateau-area is a remnant of the 
basal Eocene plane is in harmony with all the facts of the case. 


Post-Eocene Flexures. 


1f the higher parts of the Torquay plateau-area are remnants of 
the basal Eocene plane, we are naturally led to enquire how this 
plane came to occupy its present position, and what relations exist 
between it and the other known portions of the same surface. 

In the first place, it is clear that the plateau near Torquay is not 
a regular continuation of ‘the Haldon-Hill plateau, for if outline- 
sections be drawn through existing summit-levels it will be seen 
that the one could not pass into the other. The base of the Eocene, 
as drawn on the map of the Geological Survey, runs at about 700 
feet on Little Haldon, and considering the fact that no remains of 
Eocene or of Greensand occur on Great Hill west: of Watcombe Park, 
which reaches 586 feet and is the highest point on the watershed 
between the Teign and Torbay, it is evident that the base of the 
Eocene must have passed over this ridge at a level of more than 
600 feet. Indeed we are likely to be under the mark in putting it 
as low as 650 feet. Now, Mincent Hill (340 feet) is only about 
half a mile south of Great Hill, and there is consequently a drop of 
about 300 feet from one plane to the other within this distance 
(see fig. 2, p. 109). 

Again, a little to the eastward and starting from the lower plane 
at Petitor, the height of which (about 335 feet) accords with the 
level of the plateau in the northern part of St. Marychurch, there 
is a rapid northward rise to 422 feet in a quarter of a mile; and on 
the north side of the Wateombe valley the ground rises to 500 feet 
on the watershed-ridge. 

It will be remembered that there is a similar steep slope on the 
west side of Little Haldon, where a space of about a mile with a 
fall of some 3500 feet intervenes between the high plateau capped 
by Eocene gravel and the lower slope on which patches of the 
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gravel are again found from 400 down to 120 feet, before coming 
to the main tract of the Bovey Eocene. Both cases are susceptible 
of the same explanation, namely, that the steep slopes are portions 
of the basal Eocene plane which have been sharply deflexed by 
subsequent earth-movement. 

It should also be noted that the Torquay plateau lies to the 
south-east of the Bovey basin, and that the general direction of this 
basin is from north-west to south-east, so that a line drawn from 
the valley of the Bovey, south of Lustleigh, throngh Newton Abbot 
and Aller Vale, would, if prolonged, pass through the Plainmoor and 
Babbacombe plateau. I have elsewhere’ indicated the probability 
that this axis of depression was prolonged to the north-west across 
Dartmoor to Hatherleigh and Marland in North Devon. I now 
suggest that the line of flexure may have been continued in the 
opposite direction to the south-east. 

On the old supposition that the Bovey area is an isolated lake- 
basin, it is not easy to understand how so small an area could be so 
deeply depressed below the general surface of the surrounding 
country, for the inward dips prove it to be a deflexed area. But, if it 
is part of a prolonged synclinal trough, it becomes more intelligible, 
because we know that such troughs or axes often consist of a series 
of elongate or boat-shaped depressions, some of which may be deep 
while others are shallow. There is, therefore, nothing to be surprised 
at in the occurrence of a specially deep basin along a line of general 
defiexion. . 

Moreover, the detailed mapping of the Geological Survey seems 
to indicate that the so-called ‘ Bovey basin’ is not a single basin, 
but a double one; for the Newton-Abbot and Aller-Vale area is 
separated from the main basin by a ridge of Devonian slates with 
‘igneous intrusions, which runs through Highweek and Knowles 
Hill and appears to pass eastward under the alluvium of the Teign, 
since similar rocks emerge again at the head of the Teign estuary 
on both sides of the river. It is, of course, possible that this ridge 
was in existence before the deposition of the Eocene beds, but the 
way in which these seem to be pinched out at Newton Abbot is 
very suggestive of the idea that there are really two basins. 


Connexion between the Aller Basin and the 
St. Marychurch Plateau. 


If reference be made to the Geological-Survey map (Sheet 339), it 
will be seen that the south-western slope of Milber Down, on which 
the Hocene gravels are dipping into the Aller basin, is actually 
continuous with the steep watershed of the Torquay area near 
Watcombe. The heads of the Aller, Hatchcombe, and Barton brooks 
have eaten deeply into the ancient slope, and have destroyed not 
only the original mantle of Eocene gravels and sands, but have 


* Quart. Journ. Geol. Soe. vol. Ix (1904) p. 330. 
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removed much of the Permian conglomerate as well. + The outlier 
north of Coffinswell, however, on the uppermost slope between 400 
and 500 feet, goes far to prove that the further continuation of this 
slope to the south-east was similarly covered by Eocene deposits. 

Again, it is noticeable that the base of these gravels emerges from 
the southern end of the basin near Kingskerswell, and trends to the 
south-east, climbing at the same time up to a level of about 300 
feet, where it is cut off by a fault. Farther south, however, at 
Fluder, and on the other side of the same fault, there is another 
small patch of gravel, engraved but not coloured on the published 
geological map. Mr. Ussher has kindly informed me that this is 
either Eocene gravel in situ, or material which has been directly 
derived therefrom. As it lies on the northern slope of the 
Barton-Hall ridge it is probably a more or less slipped and down- 
washed relic of the original Eocene covering of that ridge, and is 
consequently an important link in the chain of evidence which I am 
trying to put together. 

This outlier reaches to the contour of 300 feet, and the summit 
of the ridge close by is very little higher; but eastward it rises 
gradually to 400 feet. South-eastward the ground falls away into 
the Hatchcombe valley, whence it rises again into the Barton and 
Lummaton plateau. It is, therefore, easy to imagine the base of 
the trough as originally passing over the Barton-Hall ridge, and as 
flattening out to merge into the plane of the Barton, Lummaton, 
and St. Marychurch plateaus. 

Lastly, there is some indication of such a flattening-out of the 
trough within the Aller basin itself. The base of the Eocene does 
not rise westward out of Aller Vale with anything like the steep 
incline of the eastern side. From the hamlet of Aller in a west- 


north-westerly direction the basal boundary only rises to a little over" 


300 feet in the distance of a mile, and falls again at Wolborough 
to 200 feet ; while from Aller eastward it rises steadily to 420 feet 
in three-quarters of a mile. 

The country south and south-west of the Aller basin has been 
dissected by watercourses and much lowered by the detritive action 
of rain, so that the sub-Eocene surface has been entirely destroyed ; 
but it is noteworthy that the ground nowhere reaches a level of 
300 feet within a mile of Kingskerswell, either to the west or to the 
south-west, and only just reaches that height about three-quarters 
of a mile to the south. ‘Thus, although the drainage of the whole 
district is northward, its average inclination is a very gentle one, 
and we may infer that the north-westerly inclination of the sub- 
Eocene surface was proportionately slight. 

I am, therefore, strongly inclined to refer the formation of the 
plateau-area around Torquay to the epoch of the Eocene planation, 
and to consider its lower level, when compared with the Haldon 
plateau, as the result of subsequent flexuring. Moreover, as there 
seems good reason for assuming that there was direct connexion 
between the Aller basin and the plateau-area, I conclude that the 
Eocene deposits originally passed from one to the other, that is, from 
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the surface of the Permian which underlies them in the Aller basin 
to that of the Devonian rocks which form the plateau. 

The general theory of the connexion between the basin and the 
plateau may perhaps be more clearly expressed as follows: that 
the local sagging-down or basin-like deflexion of the synclinal fold 
died out south-east of Kingskerswell, the continuation of the flexure 
assuming a monoclinal type over the Watcombe and St. Marychurch 
area. Thus, a surface which passed southward at a high level from 
the Haldon Hills was bent down along the Watcombe-Park ridge 
and continued almost horizontally at a lower level. 

Such a flexure would, in fact, be a counterpart of the monoclinal 
axis which traverses the Isle of Wight, or that which carries the 
Eocene from the North Downs at Headley and Walton in Surrey 
beneath the London Basin near Ashtead and Epsom. ‘The only 
difference between these cases is, that in Devon the slope of 
the monocline faces south-westward, while in the others it faces 
northward. 


The Warberry-Lincombe Ridge. 


If the foregoing theory is correct, the existence of this ridge within 
the plateau-area has to be accounted for; and, so far as I can see, 
only two probable explanations can be advanced : (1) that it is nart 
of an opposing upward flexure; (2) that the original plateau was 
here interrupted by a ridge which resisted the prevalent planation. 

Although the first of these alternatives seems perhaps @ priori 
the most probable, there are strong objections to its acceptance. If 
these hills were part of an upward flexure corresponding to the 
Watcombe-Park and Milber-Down slope, they must have formed part 
of a continuous ridge having a similar direction from north-west to. 
south-east; but the present features of the country to the north- 
west do not favour the idea of the existence of such a ridge. On 
the contrary, as we have already seen, the Warberry-Lincombe 
ridge is nearly surrounded by surfaces which seem to be degraded 
and dissected portions of the plateau. On the western side there is. 
not only a tract of this kind, but it is still further separated from 
the nearest high ground by the width of the Torre Valley. Lastly, 
this high ground (west of Shiphay and Cockington) has a very small 
extension to the north-west, and is really part of a watershed-ridge 
running in a north-and-south direction. 

There is, therefore, no evidence for the existence of a continuous 
ridge with which the higher Torquay hills could have been con- 
nected. On the contrary, they seem to be essentially a local feature 
and one of considerable antiquity ; they occupy the central part of 
an elliptical dome-shaped flexure of the Devonian rocks, which 
seems to have formed a ridge prior to the deposition of the Permian 
beds, and to have been buried as a ridge by the accumulation of the 
Permian clays and conglomerates. When, therefore, these deposits 
were removed by the erosive agencies operating in Eocene time, the 
harder parts of the buried ridge seem to have resisted destruction, 


Mig. 5.—-Section through Torquay, from Waldon Hill to Walls Hill, showing the plateaus flanking Warberry Hult. 
Change of direction 


mM and consequently to have remained 

as an isolated mass or butte 
Es standing out above the general 
level of the surrounding plain (see 
fig: 6; p-t20). 

Thus it seems probable that the 
older ridge of Permian time was 
reduced to a smaller ridge in 
Eocene time, and that this latter 
was again buried under the exten- 
sion of the Bovey and Aller-Vale 
Kocene deposits. Finally, when 
these Eocene beds were raised into 
land and gradually removed from 
the Torquay area by the pro- 
longed action of subaérial agencies 
throughout the Olgocene, Mio- 
cene, and Pliocene Periods, the 
twice-buried portion of the ancient 
ridge was again exposed, and the 
three existing hills have been 
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Warberry Grits (Lower Devonian). 


# slowly carved out of it by the 
é excavation of the intervening 
, Valleys. As already mentioned, 
l=, one of these valleys cuts com- 
— 4 pletely through the ridge from 
north to south, bearing testimony 

to the remoteness of the time wehn 

the watercourse was first estab- 


lished. By this valley Kilmorie 
Hill is completely separated from 
the other two, which are much less 
deeply divided from one another. 

The highest part of Kilmorie 
Hill is only 353 feet above sea- 
level, but Lincombe (or Oxlea) 
Hill reaches to 400 feet, and 
Warberry Hill rises to nearly 
450 feet, so that the summit of 
the latter is all but 200 feet above 
the adjoining parts of the plateau- 
area, over which it commands a 
fine view (see fig. 5). 
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The Brixham Plateau. 


No explanation of the origin of 
the plateaus near Torquay can be 
considered satisfactory, which does 
not also afford an explanation of 
the similar plateau to be found 
on the southern side of Torbay. 
This I was able to visit last year, 


[Scales: horizontal, 4 inches = 1 mile; vertical, 1 inch = 1200 feet. 
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and to observe some facts connected with it which hitherto seem to 
have escaped attention. 

The geological structure of the Brixham area is comparatively 
simple, the Devonian rocks occurring in three parallel bands striking 
from west to east, that is, a broad band of limestone on the north, 
with an intermediate band of slates and volcanic tuffs, backed on 
the south by high ground consisting of Lower Devonian grits and 
sandstones. 

In the immediate vicinity of Brixham the plateau-area is practi- 
cally limited to the limestone, the highest part of the area being 
about 220 feet above the sea-level. This plateau is there separated 
from the higher ground to the south by valleys excavated in the 
band of slates; these valleys, however, meet at Brixham, forming 
a deep ravine which cuts northward through the plateau and 
terminates in Brixham Harbour. Hence it is evident that the 
original slope of the ground must have been in a northerly 
direction. This inference is confirmed by inspection of the ground 
above Mudstone Bay on the eastern coast, where the slates rise 
into a hill which is actually higher than the summit-level of the 
plateau to the north of it: the latter reaching 190 feet, the top of 
Mudstone Hill 222 feet, and the adjoining land to the south-west 
rising to over 300 feet. 

The original features of the ground are still more clearly visible 
to the westward, between Churston and Galmpton, where there is 
complete continuity between the plateau and the higher ground to 
the south of it. Here the plateau consists mainly of limestone, but 
partly of the older slates which dip below it. The average level 
of the plateau is about 200 feet ; but on the slate-area the ground 
rises southward from 230 to 378 feet in one-third of a mile, and 
to 440 feet in the same distance farther south. 

It is clear, therefore, that the original slope of the Brixham and 
Churston plateau was not southward, lke that of St. Marychurch 
and Torguay, but northward from the high ground of the Lower 
Devonian grits towards Torbay. Now, if this was so, we ought to 
find a part of the continuation of the plateau in the country behind 
the south-western corner of Torbay, and such is actually the case. 

The plateau of the Brixham limestone extends continuously 
westward over Galmpton Common to Waddeton on the northern 
side of the River Dart. This surface passes northward onto a tract 
of ground which consists geologically of a faulted complex of lime- 
stones, slates, and volcanic tuffs, but which nowhere rises to more 
than 258 feet and has an average level of about 200 feet. This area 
extends northward for more than a mile, although it is impossible 
to fix its original limit near the present coast-line because of 
Pleistocene detrition and erosion. In the parishes of Galmpton 
and Goodrington, however, the width of the plateau from north to 
south is certainly 2 miles. 

Westward this plateau can be traced inland for a distance of 
more than 34 miles, the land nowhere rising much above 200 feet 
from the coast to and beyond the village of Stoke Gabriel. Here 
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the plateau still has a width of at least a mile and a half, being 
bounded on the north by ground which rises rapidiy to 500 feet, 
on the west and south-west across the Dart by hills of 400 feet, 
and on the north-west by a hill of 300 feet. It would seem, 
therefore, that the western termination of the Brixham plateau 
is still distinguishable near Stoke Gabriel, in spite of the great 
modification which the surface of the country has undergone, owing 
chiefly to the passage of the River Dart through the district. 

As regards evidence of age, it is clear that the plateau is of some 
geological antiquity, and that its surface has not influenced the 
drainage of the area; for, near Stoke Gabriel, the plateau does not 
drain eastward, as might have been expected, but is traversed by 


Fig. 6.— Map showing the plateau-areas and their probable former 
connexion across Torbay. 
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[The inner area marked out near Torquay represents the Warberry-Lincombe 
ridge or butte.| 


a valley which has its origin in the northern watershed and opens 
southward into the Dart. The drainage-system of the area, like 
that near Torquay, has evidently been established upon a vanished 
surface which passed high above the existing plateau. 

Again, the plateau-surface is newer than Permian time, since a 
small strip of Permian is taulted down below its level south of 
Saltern Cove. To what period can we then attribute a plateau 
of such antiquity and of such a height above the sea, unless to an 
early Tertiary period? Finally, since the level of this plain closely 
approximates to that of the plateau-remnants west and south of 
Torquay, it is only reasonable to suppose that the two plains are 
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of the same date and that they were in some way connected with 
one another. . 

I am consequently led to believe that the Brixham and Stoke- 
Gabriel plateau is another portion of the basal platform of the 
Eocene system, and to suggest that it marks a second shallow 
flexure or undulation formed at the same time as the Bovey and 
Aller basins. Its axis seems to run very nearly east and west, so 
that, if the two flexures were contemporaneous, they would have 
met and merged into one another in the land-area which then 
stretched far to the east of Torbay. If this view be correct, the 
intervening anticline must have passed over Paignton, and will 
have ‘nosed out’ in the Torbay area east of that town (see 
map, fig. 6, p. 120). The present features of the country are quite 
in harmony with this supposition, for on the west and north-west of 
Paignton there is a semicircle of hills which rise to 500 feet and in 
one place to over 600 feet above the sea. 

The meeting and union of two synclinal flexures would lead to 
the production of a broad flattened-out area at their meeting-place, 
and will account for the Torquay and Brixham plateaus being 
inclined one towards the other. It will also explain incidentally 
the origin of the depression which has become Torbay: for, if the 
site of Torbay was a broad plain depressed by flexure to a lower 
level than the surrounding country, it would be a tract where the 
sub-Kocene surface of older rocks descended to a lower level than 
at any other part of the line which has become the eastern coast of 
Devon. Consequently, after the Hocene deposits had been stripped 
off by the long-continued action of subaérial agencies, and when the 
final subsidence of the country took place in Pleistocene time, the 
sea would find comparatively-low land lying on each side of a 
central river-valley, which valley and its branches would be 
gradually widened and eventually converted into the present broad 
and sheltered bay. 


Discussion. 


Mr. Barrow drew attention to the importance of the paper, as it 
dealt with the occurrence of one of the plateau-features that have 
been observed over a very wide area, at varying heights, and which 
must be of various ages. ‘The speaker had noted them in Britanny, 
Cornwall, and South Wales. The first formation of these plateau- 
features began after the completion of the great earth-movements 
that affected the Carboniferous rocks, but how much of this earliest 
plateau is now left, and to what extent it has since been modified, 
is not yet known. Similar features have been developed at 
intervals down to at least Pliocene times, and in many cases it is 
extremely difficult to fix the exact age of isolated remnants of these 
plateaus. In some cases they have been covered by later deposits, 
and valleys were cut through this newer material and down into 
the older Devonian rocks upon which it rested. Later, this newer 
material has been swept away and the plateau-feature redeveloped: 
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being in this sense of two different ages. It seems probable that 
some of the more recent features of this type are only modifications 
of older ones, and the working-out of their complete history will 
require considerable time and the examination of a wide area. 

Mr. Crement Rei remarked on the difficulty encountered in dating 
these plateaus, which were conspicuous features in the South-West 
of England. The Torquay plateau might perhaps be as old as the 
Cretaceous, for the overlap of the Cretaceous rocks is rapid, and the 
Permian breccias have become very thin at Haldon. On the other 
hand, the level of the plateau suggested that it might correspond 
with the Pliocene plateau of Western Cornwall ; but there were no 
deposits on it by which the date could be fixed. He agreed with 
the Author as to the probable origin of the Bovey basin through a 
synclinal flexure of Oligocene or Miocene date. The extensive 
sheets of subangular Eocene gravel were difficult to understand ; 
but he did not think that they were of marine origin. They were 
often closely associated with pipe-clays and leaf-beds. 

Dr. A. E. Satrer agreed with a previous speaker that the subject 
treated of in the paper touched the fringe of a wider, and at 
present but little understood, part of Geomorphology. The area 
under consideration contained a high-level patch of gravel (The 
Haldons) which had escaped the general denudation of the sur- 
rounding country, owing to its porosity. After a steep slope, this 
was followed by the plateaus described, which, since their forma- 
tion, have been cut up by the more recent rivers. As similar 
conditions may be observed in the Tertiary area of the Lower 
Thames basin, in the Aldershot and Bagshot district, in the neigh- 
bourhood of Goring Gap, in the southern part of Essex, and in the 
northern part of Kent, the speaker thought that it was not necessary 
to consider the phenomena observed in the Torquay area to be 
of great geological age. He held that some widespread cause 
must be looked for to explain them, and favoured Prof. Suess’s 
hypothesis, that the level of the ocean has diminished, as being one 
factor in producing them. 

Mr. G. W. Lamptues recalled the traces of a similar old plateau 
in the South of Ireland, long ago recognized by Jukes. The con- 
ditions described by the Author appeared to have affected the whole 
south-western part of our islands; and the investigation in this 
particular area would therefore find wide application. 

Mr. O. T. Jonzs remarked on the presence of a well-marked 
plateau-feature in the South and South-West of Wales. The cliffs 
of Southern Pembrokeshire rise abruptly to the plateau-level, which 
is there about 200 feet. The planation for a few miles from the 
coast has been very perfect ; but farther inland, as the level rises 
slowly, the surface is slightly more uneven. The highest level 
reached appears to be about 800 feet at the foot of the Prescelly 
Mountains, which rise somewhat abruptly out of the plateau. 
There is definite evidence in Southern Pembrokeshire of the plateau 
having been overlain by Triassic sediments, which have penetrated 
into cracks and fissures in the Carboniferous Limestone. The 
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plateau of Triassic age has probably been trimmed-up since, but 
there is as yet no definite evidence of this. 

Mr. H. B. Woopwarp, who had been asked by the Author to 
make reply on his behalf, spoke of the difficulty of fixing the age 
of the plateaus ; and, in answer to Mr. Reid, he observed that the 
Author had not denied the possibility of Cretaceous planation. 
The subject was one which demanded an intimate local knowledge 
of the features, and might better have been discussed on the ground. 
The reference to the Miocene Period, of the disturbances that 
originated the Aller and Bovey basins, was reasonable. With 
regard to the plateau-deposits on the Greensand, the speaker was 
inclined to look upon those of Blackdown as to a large extent the 
relics of a subaérial peneplain, such as had been described by 
Prof. W. M. Davis. The accumulations were mainly due to the 
erosion of Chalk and Greensand, and the chert-deposits had been 
decomposed, and much of the soluble silica carried down to silicify 
the Blackdown fossils. Only here and there on the plateaus were 
evidences of the Eocene river-deposits to be detected. 
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8. Nore on the Cexvican Verresra of a ZEUGLODON from the 
Barton Cray of Barton Crirr (Hampsurre). By CHartes 
Wittiam Anprews, D.Sc., F.R.S., F.G.8., of the British 
Museum (Natural History). (Read February 6th, 1907.) 


In the year 1876, Prof. H. G. Seeley published! in the Journal of 
this Society a short account of a small Zeuglodon from the Barton 
Clay of Barton Chiff. This specimen, which was made the type of 
the species Zeuglodon Wanklyni, was discovered in 1872 and came 
into the possession of Dr. Arthur Wanklyn, by whom Prof. Seeley 
was requested to draw up some notes on this important find. 
Fortunately he did so, for at Dr. Wanklyn’s death all trace of the 
specimen was lost, and it was no doubt on this account that the notes 
had to be published without illustrations. In 1881, Prof. J. W. 
Judd’ gave an account of the discovery of a cetacean vertebra in 
the Brockenhurst Beds of Roydon (Hampshire): this specimen was 
described by Prof. Seeley under the name Balenoptera Juddi, but 
he now, no doubt rightly, regards it as belonging to a Zeuglodon.* 
Until quite lately no further remains of Zeuglodonts had been 
found in Britain, but some months ago Mr. H. Eliot-Walton, who 
has done much collecting in the Hampshire cliffs, found a cervical 
vertebra of Zeuglodon, and it is to this specimen that the present 
_ note refers. 


The vertebra is a posterior cervical, probably the sixth. The 
centrum is roughly oval in outline, its greatest width, which is 
situated nearer the ventral than the dorsal surface, being greater 
than the height. 

The anterior face is almost flat, with a median depression, 
and marked by irregular ridges radiating from the centre, indicating 
that the epiphysis has been lost, as is so frequently the case with 
cetacean vertebre. ‘The posterior face is smooth and gently con- 
cave, and it seems clear that the epiphysis has been detached from 
this end also. The centrum is very short, its length being only 
about 2 centimetres, or little more than a third of its width (5-5 cm.) ; 
the loss of the epiphyses, of course, increases the difference between 
the length and the width of this vertebra. The proportion in 
this case seems to be about the same as in the third cervical of 
Z. brachyspondylus, figured and described by W. Dames.* It may 


‘ “Notice of the Occurrence of Remains of a British Fossil Zeuglodon 
(Z. Wanklyni, Seeley) in the Barton Clay of the Hampshire Coast’ Quart. 
Journ. Geol. Soc. vol. xxxii (1876) pp. 428-32. 

2 «Qn the Occurrence of the Remains of a Cetacean in the Lower Oligocene 
Strata of the Hampshire Basin: with an Appendix by Prof. Seeley, entitled 
Note on the Caudal Vertebra of a Cetacean discovered by Prof. Judd in the 
Brockenhurst Beds, indicative of a new Type allied to Balenoptera (Balenoptera 
Juddi)’ Quart. Journ. Geol. Soc. vol. xxxvii (1881) p. 708. 

3 ‘The Story of the Earth in Past Ages’ 1895, p. 184. 

4 ‘Ueber Zeuglodonten aus A’gypten, &c.’ Palzont. Abhandl. vol. v [n. s. 
vol. i] (J894) p. 199 & pl. xxxiii, figs. 1 ale. 
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be mentioned that, in Protocetus atavus, Fraas, from the Mokattam 
Limestones of Cairo and the oldest member of the Zeuglodontide 
yet known, the length of the centrum of the sixth cervical is much 
greater in proportion to the height, being about as 2 to 3, showing 
an approximation in the cervical vertebre to the more normal mam- 
malian type. The floor of the neural canal (n.c.) is convex from side 
to side, and there is a blunt median ridge, on either side of which is 


Posterior surface of the cervical vertebra of Zeuglodon 
Wanklyni, two-thirds of the natural size. 


7.sp. = neural spine. — v.c, = vertebrarterial canal. 
a.z. = anterior zygapophysis. p. = parapophysial process. 
p.Z. = posterior zygapophysis. d. = diapophysial projection. 


2.¢. = neural canal. 


a vascular foramen opening into the body of the centrum. On the 
ventral surface of the centrum there is a faintly marked hypapo- 
_ physial ridge. The neural arch is wide and high, the canal (n.c.) 
being very large; the pedicles of the arch are stout, and the zyg- 
apophyses (a.z., ».2.) large and oval in outline ; there is a low neural 
spine, but its precise height cannot be determined. ‘The diapophyses 
and parapophyses unite to form a broad, nearly vertical wing of 
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bone, which is inclined somewhat forwards; above, its border is 
continuous with the outer edge of the pedicle of the neural arch, 
below which it bears a blunt diapophysial projection (d.); ventrally 
it is produced downwards into a stout parapophysial process (p.), 
oval in section and projecting considerably below the ventral border 
of the centrum. The middle of this plate of bone is perforated by 
the, relatively small and nearly circular, vertebrarterial canal (v.c.), 
which measures about 8 or 9 millimetres in diameter. Judging 
from the figures of the vertebre of Protocetus given by Prof. E. 
Fraas,! the vertebra here described must be either the fifth or the 

sixth, most probably the latter. 
The dimensions of the specimen are :— 
Centimetres. 


Width of the centrem oleae fo ace Peace eae a5 
Heipht.of the centritm o-oo ees 38 eee eee ee 4°5 
Henpth-of the combrwaya So pepe eee ok ois ee soe 2°05 
Greatest width between the ends of the diapophyses ............ 10°5 
Greatest width between the ends of the parapophyses ............ 10°4 
Extreme height from the bottom of the parapophyses to the oe 

of the neural -spige ee ee ek er Oe oe cen ok ae 11°8 
Width between the anterior ends of the prezygapophyses ...... 8°5 
Width of the ‘nerirsl eames ae ee eh 3°3 
Height of the netral Graal eee coe) ae roe eee ok cee 2°8 
Vertical diameter of the vertebrarterial canal ..................... 0°8 


This specimen, having been found in the same locality and horizon 
as the type-specimen of Zeuglodon Wanklyni, may be referred with- 
out much doubt to that species, the skull of which is distinguished 
from that of other species by the shortness of the maxilla, the 
shorter distances between the teeth, and the posterior flattening of 
the sagittal crest. Dr. Stromer has compared it with Z. Osiris from 
the upper beds of the Middle Eocene of the Faytim, and shows that, 
although the two differ in the above-mentioned points, they resemble 
one another in many others, as, for example, in the presence of two 
single-rooted teeth, c. and pm. 1, in the maxilla, and in the dimensions 
of the premolars. 


It is now almost certain that the Zeuglodonts arose from a 
Creodont ancestor on the northern shores of the Ethiopian land in 
the early part of the Eocene Period, the ancestral forms at present 
known being Protocetus from the Mokattam Hills and Prozeuglodon 
from the Fayiim. By the end of the Middle Eocene the true 
Zeuglodonts had come into existence, and had spread rapidly over the 
earth, their remains being found in the upper part of the Eocene 
of America, England, and New Zealand. The presence of members 
of the group in the two first-mentioned regions seems to show that 
the ocean extended, as now, from the Mediterranean to the American 
continent, while the presence of Zeuglodon-bones associated with a 


1 «Neue Zeuglodonten aus dem unteren Mitteleocan von Mokattam bei 
Cairo’ Geol. & Palaont. Abhandl. n. s. vol. vi (1904) pl. xi, figs. 1-9 & pl. xii, 
figs. 1-9. 
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shallow-water fauna in Hampshire may perhaps, as Dr. Stromer ' 
has pointed out, indicate that there was a shore-line in the neigh- 
bourhood and that the land-connexion between the Old-World 
continents and America was to the north. At the same time, 
although the Zeuglodonts alone may not supply such evidence 
as the present writer has suggested,? there are many reasons for 
believing that there was also a southern land-connexion between 
Africa and South America. 


Discussron. 


Prof. Srzrey said that the discovery of the neck-vertebra was most 
interesting; he was unable to add anything to the account of the 
skull originally laid before the Society. But, as no figure was given 
of his drawing of the parieto-frontal region in Zeuglodon Wanklynai, 
he drew attention to the circumstance that it was much broader 
and more convex on the upper aspect than in any Zeuglodonts 
subsequently made known from newer beds, and might possibly be 
referable to a distinct genus on this evidence. The caudal vertebra 
which he had described as Balenoptera Juddi he had long since 
chronicled as the caudal vertebra of a Zeuglodon, possibly identical 
with the Barton species. He referred also to the fact that, in the 
Sedgwick Museum, are similar caudal vertebra of a Zeuglodont, 
which he believed were obtained by Mr. Henry Keeping from an 
excavation at Brockenhurst in the Brockenhurst Beds. 

Mr. Crement Rep asked whether other bones of Zeuglodon were 
found at the same time, and also whether the exact horizon in the 
Barton Clay could be ascertained, for this clay contained several 
paleontological zones. The discovery was of importance, for free- 
swimming marine animals, especially the higher vertebrates, were 
the only fossils that could be used in the correlation of far- 
distant deposits, such as the Tertiary strata of Europe and 
America. 

Dr. Surra Woopwarp said that he understood from Mr. Eliot- 
Walton, who brought the Zeuglodont-vertebra to the British Museum, 
that he obtained the specimen from a local collector, who had 
already sold some associated vertebrae to casual visitors to Barton. 
He hoped that the publication of the paper would lead to the recovery 
of these specimens for scientific examination. 


1 «Ueber die Bedeutung der fossilen Wirbelthiere Afrikas fur die Thier- 
geographie’ Verhandl. d. Deutsch Zool. Gesellsch. 1906 (Marburg meeting) 
p- 208. 

* “Tertiary Vertebrata of the Fayim’ Brit. Mus. Catal. (1906) Introd. 
p. XXvii. 
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9. On the Cretacnous Formation of Banta (Braziz), and on VERTE- 
BRATE Fosstrs collected therein. By JoserpH Mawson, F.G.S., 
and Artuur Smita Woopwarp, LL.D., F.R.S., F.L.S., F.G.S. 
(Read January 9th, 1907.) 


[Puatres VI-VIII.] 


I. Srratierapuy. [J. M.] 


At the end of the year 1859, Mr. Samuel Allport * communicated 
to the Geological Society his discovery of a series of fossiliferous 
rocks, apparently of Mesozoic age, in the neighbourhood of Bahia 
(Brazil). In 1870 the same formation was more adequately described 
by Prof. C. F. Hartt,? who regarded it as probably equivalent 
to the Neocomian of Europe; and, in 1878, the whole of the 
Cretaceous basin of Bahia formed the subject of a memoir by 
Dr. Orville A. Derby. The work of all these authors emphasized 
the importance of systematic collecting from the highly-fossiliferous 
deposits of the series in question; and it has been my pleasure 
and privilege, at intervals during the past thirty years, to devote 
considerable time to this task. Most of the fossil mollusca thus 
obtained have been monographed by Dr. C. A. White, while the 
fossil vertebrata have been described by the late Prof. E. D. Cope 
and Dr. A.Smith Woodward. Nosummary of results, however, has 
hitherto appeared; and, as my opportunities for continuing the 
work are now almost atan end, I venture to offer to the Geological 
Society some general observaticns, to precede a discussion of my 
collection of vertebrate fossils, which has been prepared by Dr. Smith 
Woodward. 

As already remarked by Allport, the Cretaceous rocks of Bahia 
have a general north-westerly dip, but the series is so much 
disturbed and contorted that the actual dip differs in almost every 
section. It was, in fact, impossible for me to discover any regular 
order of zones in the deposits, which are obviously an estuarine 
series of lenticular beds of conglomerate, sandstone, and shale, 
with occasional thin layers of shelly limestone. As noted by 
Hartt and Derby, the conglomerates consist chiefly of stones which 
may be of local origin, but the rounded pebbles of compact bluish 
limestone appear to me to resemble a rock which I have not seen 
nearer than Inhambupe (130 kilometres north of Bahia) or Almas 
and Brejo Grande (270 to 320 kilom. west and south-west of Bahia). 
In places (as, for example, at Itacaranha), pieces of wood in jet-like 


1 «On the Discovery of some Fossil Remains near Bahia in South America 
Quart. Journ. Geol. Soe. vol. xvi (1860) pp. 263-68 & pls. xiv—xvii (with notes 
on the fish-remains by Sir Philip Egerton, on the mollusea by Prof. J. Morris, 
and on the entomostraca by Prof. T. Rupert Jones). 

2 “Geology & Physical Geography of Brazil’ Boston & London, 1870, 
pp. 346-60, 555. 

3 «A Bacia Cretacea da Bahia de Todos os Santos’ Archiv. Mus. Nac. Rio 
de Janeiro, vol. iii (1878) pp. 185-58, with map (pl. xii). 
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condition are mingled with the pebbles, as already observed by 
Dr. Derby. 


The sandstones sometimes exhibit ripple-marked 
surfaces, as at Pedra Furada and Periperi. There are also, both 


in the sandstone and in the shales, small patches of bone-bed, 


Map showing the localities where Cretaceous fossils were found. 


Kilometres 
20 30 


tod 
wo 4 
ime 
yale 
ry 
io 
wn 
f 
=) 
un 
= 
cS) 
= 
‘SE 
w 
°Q 
ro) 


Pitangao} 


= 2 
oltacaranha 
= edlra= 
—_buradaed 


iF ontserrat 
BAHIA 


containing not only the scattered remains of fishes, but well-rolled 
pieces of reptilian bones; a particularly-noteworthy bed at San 
Thiago rests upon a shell-bearing layer. 


The shales are often 
calcareous, and contain both hard concretions and soft muddy 
pockets ; some are also impregnated with oil. 
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The precise extent and boundaries of the Cretaceous basin of 
Bahia still remain to be determined, but the accompanying sketch- 
map (p. 129) bears the names of all the localities at which I have 
discovered the typical fossils of the formation. A few notes on 
some of the sections are appended. 

Montserrat, Pedra Furada, and Bomtfim.—tThe general 
features of this section have already been sufficiently described by 
Allport. Gasteropod-shells are commonest and best preserved in 
the ridges of sandstone at various points, and in the hard, fine- 
grained, brownish limestone near Pedra Furada. Scales of Lepi- 
dotus and fragments of reptilian bones, mostly rolled, occur nearly 
everywhere ; while complete examples of a small species of Diplo- 
mystus have been found, in a very thin layer of compact greenish 
mudstone, between Pedra Furada and Bomfim. In a large 
calcareous concretion, in the shales near Bomfim, I once discovered 
a nearly-complete specimen of Lepidotus. Beyond Bomfim north- 
wards the Cretaceous deposits sink beneath low sandy flats, and 
only reappear on the opposite side of the bay at Cabrito and 
Plataforma. 

The Bahia-and-San Francisco Railway.—Cretaceous 
strata are first seen on this railway between 3 and 4 kilometres 
away from Bahia (Calcada Station). ‘The Amioid fish Megalurus 
Mawsoni, and numerous well-preserved entomostraca (described by 
Prof. T. Rupert Jones *) were found in shale on the beach just beyond 
Kilom. 4. A bluish-grey sandstone in the railway-cutting is also 
fossiliferous. Between Plataforma, Itacaranha, and Escada, the 
beach has yielded more remains of fishes and reptiles than any 
other section of the Bahia Cretaceous Series—among others, the 
well-preserved skeletons of Diplomystus longicostatus and Chiro- 
mystus Mawson, and the skull of the large new Ccelacanth fish, 
Mawsonia gigas. Teeth of crocodiles are abundant, as already noticed 
by Allport. Large and small coprolites occur almost everywhere. 
Entomostraca are also common, but mollusca are very rare, only 
Planorbis having been found. Near Periperi (kilom. 11) there are 
very few fossils, but fragmentary vertebrate remains are common 
again at Setubal (kilom. 123). The shales between Olaria and 
Mapelle (kilom. 22) are also fossiliferous, but they become too friable 
on exposure. The hard conglomerate of Mapelle Quarry (near 
kilom. 23) has yielded numerous dinosaurian and crocodilian bones, 
besides remains of Mawsonia. At Agua Comprida (kilom. 29) the 
shales and flaggy limestones are highly fossiliferous, and well- 
preserved skeletons of Diplomystus longicostatus occur here. Between 
Agua Comprida and Matta (kilom. 69) no fossils have been found ; 
but a few occur again at rare intervals between the latter station 
and Pitanga (kilom. 75), where a reddish and yellowish clay contains 
freshwater bivalyes. From Pojuca Tunnel (kilom. 78) to San Thiago 
(kilom. 86) the characteristic shales, limestones, and sandstones 
yield numerous vertebrate fossils like those of the beach near Bahia. 


* *On some Fossil Entomostraca from Brazil’ Geol. Mag. dec. 4, i Iv 
(1897) pp. 195-202 & pl. viii. 
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This is the farthest point from Bahia at which Cretaceous fossils 
have been found in the cuttings of this railway. 

San Thomé de Paripe.—Cretaceous conglomerates, sand- 
stones, and shales, with the characteristic fossils, are seen in the 
small semicircular bay of San Thomé, which is reached from Olaria 
Station (kilom. 13). The series corresponds with that exposed at 
Setubal. In the sandstone near Toque Toque are thin layers of 
fossilized wood, with fragments of resin. 

Santo Amaro and road to Alagoinhas.—Highly fossili- 
ferous Cretaceous rocks occur in the neighbourhood of Santo Amaro, 
and for nearly 8 miles along the road towards Alagoinhas. Scales 
of Lepidotus are especially common, and entomostraca are found in 
a bright-yellow clayey rock. 

The Timbo Railway.—tThis railway runs north-eastward from 
Alagoinhas to Timbéd, a distance of 83 kilometres. I have found 
Cretaceous fossils in the cuttings between Kilometres 47 and 51, 
and again at Kilometre 634, beyond which the rocks do not appear 
to belong to the series under consideration. 

Ilha da Maré and the vicinity.—Entomostraca occur in 
the yellow sandstone of Mochado, across a small arm of the bay 
1 mile west of Mapelle. They are also found with fish-remains at 
Ponta do Matoim. Scales of Lepidotus and crocodilian bones have 
been obtained from a thick, massive, calcareous, yellow sandstone, 
which overlies a bluish shale in the [ha da Maré. 


I]. Tue Vertesrate Fossirs. [A. 8. W.] 


The collections both of the late Mr. Allport and of Mr. Mawson 
have been presented to the British Museum (Natural History), 
where they can now be readily studied with ample material for 
comparison. The vertebrate fossils, which are the more important 
in this case for stratigraphical purposes, may be enumerated as 
follows :— 

ReEpriia. 


Dinosaurian indet., Allport & Owen, Quart. Journ. Geol. Soc. vol. xvi (1860) 
p- 266 & pl. xvii. 

Gontopholis Harttt (Marsh): Crocodilus Hartti, O. C. Marsh, Amer. Journ. 
Sci. ser. 2, vol. xlvii (1869) p. 391 ; figs. of teeth by Allport, op. supra 
cit. pl. xvi, figs. 1, 2, 3, & 5. 

Gontopholis bahiensis (Marsh): Thoracosaurus bahiensis,O. C. Marsh, op. supra 
cit. p. 392. 

Pterosaurian indet., A. S. Woodward, Ann. & Mag. Nat. Hist. ser. 6, vol. viii 
(1891) p. 314, fig. 2. 

Plesiosaurian indet., A. S. Woodward, zid. p. 316, fig. 1. 


PIscEs. 


Chiromystus Mawsoni, B. D. Cope, Proc. Amer. Phil. Soc. vol. xxiii (1886) 
p. 4; A.S. Woodward, Catal. Foss. Fishes Brit. Mus. pt. iv (1901) p. 90. 

Diplomystus longicostatus, E. D. Cope, op. supra cit. p.3; A. S. Woodward, 
Ann. & Mag. Nat. Hist. ser. 6, vol. xv (1895) p. 2 & pl. i, fig. 1. 

Diplomystus sp. indet. Fishes from Bomfim. 

Megalurus Mawsoni, A. S. Woodward, Ann. & Mag. Nat. Hist. ser. 7, vol. ix 
(1902) p. 87 & pl. ii. 
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Peleeeees ores ( ’) carinatus, sp. uov. Scales from Itacaranha, described below 

(p. 183). 

Lepidotus Mawsoni, A. S. Woodward, Ann. & Mag. Nat. Hist. ser. 6, vol. ii 
(1888) p. 135; and Catal. Foss. Fishes Brit. Mus. pi. iii (1895) p. 120; 
figs. of scales by Allport, Quart. Journ. Geol. Soe. vol. xvi (1860) pl. xiv, 
figs. 5-13, pl. xv, figs. 1-4, & pl. xvi, figs. 10-12. 

Mawsonia gigas, gen. et sp. nov. Described below (p. 184). . 

Acrodus nitidus, A. 8. Woodward, Ann. & Mag. Nat. Hist. ser. 6, vol. ii (1888) 
p- me and Catal. Foss. Fishes Brit. Mus. pt.i (1889) p. 297 & pl. xiv, 

- fig. 8. 

Most of these species have already been described, so far as 
available material will allow; but some of Mr. Mawson’s fossils 
need more detailed notice or description before the general relation- 
ships of the whole vertebrate fauna can be discussed. 


DINOSAURIANS. 


The Dinosaurians are still known only by small vertebral centra 
and a phalangeal bone; but it is interesting to note that the latter 
fossil is of the Megalosaurian type, and may belong to the same 
reptile as the vertebral centrum which was figured by Allport and 
provisionally determined by Owen as Megalosaurian. Some of the 
vertebral centra, however, are solid, and seem to agree closely with 
the corresponding bones of Iguanodonts. 


GoytopHotis Hartt (Marsh). (Pl. VI, figs. 1 & 2.) 


The so-called ‘Crocodilus’ Hartti has hitherto been known only 
by isolated teeth, but is represented in Mr. Mawson’s collection 
by the fine mandibular symphysis from Setibal, shown of one-quarter 
the natural size in Pl. VI, figs. 1 a & 16. So far as preserved, this 
specimen measures 43 centimetres in length, although it consists 
entirely of the symphysial region of the mandible. It must, there- 
fore, have belonged to a remarkably-large animal. The symphysis 
is elongated, narrow,,and flattened from above downwards with a 
slightly-spatulate terminal expansion in front. Its oral surface is 
raised into a low median longitudinal keel, which disappears at the 
beginning of the shallow concavity in the anterior terminal expan- 
sion. The outer surface of the bone is very coarsely sculptured. 
As shown by the sockets and broken stumps, the total number of 
teeth on each side within the symphysis is at least seventeen. These 
are closely implanted in regular series along the wavy edge of the 
dentary as far forwards as the beginning of the terminal expansion, 
where the angle is occupied by two relatively large caniniform 
teeth, and these are followed in front by two rather small teeth. 
The apex of the crown of one of the caniniform teeth, still in 
its socket, exhibits the characters assigned by Marsh to Crocodilus 
Harti. 

Some fragments of skull display the coarse sculpturing of the 
external surface ; but the only specimen worthy of special notice is 
a large dermal scute, which is doubtless referable to the same 
species. This scute is one of a paired dorsal series, much broader 
than long, and is shown of one-quarter the natural size in Pl. VI, 
fig. 2. It is imperfect behind, but otherwise well-preserved ; and 
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its narrow overlapped anterior border is interesting, as being pro- 
duced into a large forwardly-directed peg near its outer end, for 
firm articulation with the scute next in front. Its outer exposed 
face is marked in front with large and deep pittings, which are 
irregular in size and shape. 

The new fossils thus seem to determine the systematic position 
of the large extinct Bahia crocodile. It cannot belong either 
to the Teleosaurian Hyposaurus or to the Proceelian Thoracosaurus, 
with which the teeth have been compared, because the scute . 
exhibits a peg-and-socket articulation. This structure has hitherto 
been noticed only in the Wealden and Purbeckian marsh-crocodiles 
of the family Goniopholide.t The teeth and their arrangement 
in the front half of the mandible resemble those of Goniopholis 
itself; and the new mandibular symphysis now described is only 
longer than is usual in Goniopholis. It is, therefore, reasonable to 
conclude that the Bahia specimen is not only one of the Goniopho- 
lide, but probably referable to the type-genus of the family. It 
may be added that the only portions of associated vertebral centra 
that might be crocodilian, are of an amphiccelian, not proccelian, 


type. 


PTEROSAURIAN. 


Since the quadrate bones of a pterodactyl from Pedra-Furada 
Bay were described, Mr. Mawson has found a typical pterosaurian 
tooth in the same locality. 


BELONoSTOMUS (?) CARINATUS, Sp. nov. (Pl. VI, figs. 4 & 5.) 


Some rhombic ganoid scales, found naturally associated in a 
group near Itacaranha, represent a hitherto unknown fish, and 
exhibit, in an exaggerated form, a type of ornamentation which is 
only known among ganoids in the Cretaceous species of Belono- 
stomus.” If, however, the scales belong to this genus, they are 
referable to the hinder part of the caudal region, and are thus not 
very satisfactory for specific determination. The smaller scales, 
shown in a fractured state, of the natural size, in Pi. VI, fig. 4, 
bear a sharp, simple keel, which arises near the middle of the 
exposed face and extends downward and backward into a promin- 
ent spine at the postero-inferior angle. The remainder of the 
exposed face is smooth, or only marked by very feeble wrinkles, 
which tend to range in horizontal lines near the smooth posterior 
border. The upper border of each scale is strongly sinuous, and its 
antero-superior angle is produced upwards. ‘The few scales shown 
in Pl. VI, fig. 4, increase both in size and in relative depth upwards, 
and therefore doubtless belong to the ventral region of the flank. 


1 [Since the reading of this paper, Mr. A. N. Leeds, F.G.S., has submitted to 
me the dorsal scute of Steneosawrus shown in Pl. VI, fig. 3, proving that, in 
this Teleosaurian genus, the dorsal armour was made rigid by the peg-and- 
socket articulation.—d4. S. W., February 13th, 1907.] 

* Compare the scales of Belonostomus Sweeti, R. Etheridge, jun., & A. 8. 
Woodward, Trans. Roy. Soe. Victoria, vol. ii, pt. ii (1891) pl. i, figs. 6 & 7. 
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Some larger scales (Pl. VI, fig. 5), which are slightly wider than 
deep, have the same general shape as those just described, with the 
ascending antero-superior angle; but their oblique keel is less 
prominent, and is subdivided into a pair of nearly-parallel ridges. 
These scales are united by a peg-and-socket joint, in which the peg 
is subdivided into fine digitations at the end; but their inner face 
is not strengthened by a vertical keel. The new species may be 
named Belonostomus (?) carinatus, in allusion to the peculiar 
ornamentation and armature of the smaller scales. 


Mawsontia eieas, gen. et sp. nov. (Pls. VII & VIII.) 


For many years Mr. Mawson has obtained pieces of coarsely- 
sculptured bony plates and large fish-bones, especially on the beach 
near Plataforma; but, until the recent arrival of the last instal- 
ment cf his collection at the British Museum, it was impossible to 
interpret these fossils. A large fragmentary skull now furnishes a 
clue to their true nature, and shows that they represent a gigantic 
Crossopterygian ganoid of the family Coelacanthide. ‘I'he species 
may be regarded as referable to a new genus, Mawsonia, with the 
skull closely similar to that of the European Cretaceous Macropoma, 
though the external bones are destitute of enamel and ornamented 
with more or less radiating ridges, which are mainly longitudinal 
on the cranial roof and angular bone, but diverge from the point of 
‘suspension on the operculum. In Mawsonia gigas, as I propose to 
name the typical species, the angular bone of the mandible measures 
40 centimetres in length, and is thus four times as large as the 
largest Coelacanth angular bone hitherto discovered. 

The skull just mentioned, which must be regarded as the type- 
specimen of MW. gigas, is fragmentary, and distorted by lateral com- 
pression, but displays very well many of the principal bones. It is 
shown, of one-third the natural size, from the right side in Pl. VII, 
fig. 1, with drawings of the left frontal and left quadrate bone in 
figs. 2, 3, and of the left mandibular ramus, articular bone, coronoid 
bone, pterygoid teeth, and gular plate in Pl. VIII, figs. 1-5. The 
cranium (cr.) has collapsed in the crushing and seems to have been 
imperfectly ossified, except in the postero-superior part of the otic 
region (ot.), which is prominent on each side of the fossil. The 
cranium is underlain by the long and slender parasphenoid (pas.), 
seen from below in fig. 1, and tapers forward to a broken extremity, 
which may, or may not, have been continued into an anterior 
spatulate end. So far as it is preserved, the oral face of the 
parasphenoid is toothless, while the hinder portion of its upper face 

is slightly excavated by a longitudinal channel. Of the cranial roof, 
only part of the left frontal (Pl. VII, fig. 2) is preserved, showing its 
irregularly-wavy but smooth hinder border, which would articulate 
with the parietal element. Its outer face is ornamented with 
longitudinal ridges, which diverge slightly and increase both in 
strength and in number as they extend forward, but are apparently 
destitute of an enamel-layer. The right parietal bone (PI. VII, 
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fig. 4a), preserved in a fragment of another skull, shows that this 
element was similarly ornamented with longitudinal ridges, which 
diverge and multiply backwards, while they tend to become irre- 
gularly nodose, and even ramify into a network. The parietal 
bone, as usual in Coelacanths, is much wider behind than in front, 
and meets its fellow of the opposite side in a straight median suture. 
Its thickened and slightly-wavy anterior border, which would 
articulate with the frontal, is curiously excavated by a groove, 
which causes the outer and inner lamine of the bone to overhang 
the thick middle lamina (fig.40). The pterygo-suspensorial arcade 
(pts.) forms the usual irregularly-triangular plate of bone, in which 
no suture can bé distinguished. The quadrate (Pl. VII, fig. 3) 
terminates below in a very stout ginglymoid articulation for the 
mandible, its outer condyle being much smaller than the inner 
condyle. The postero-external margin of the quadrate, directly 
above its outer condyle, is coarsely rugose, as if for loose union 
with a superficial plate of bone. In some respects, the articular 
end of this element resembles that of a pterosaurian quadrate ; and 
I was once misled by the similarity in question to describe one ot 
Mr. Mawson’s specimens as probably referable to a gigantic ptero- 
dactyl.. The upper end of the hyomandibular (Am.) is much 
expanded forward, so that it is not only firmly fixed to the ossified 
otic mass, but must also have had an extensive articulation with 
the unossified postfrontal (or sphenotic), which is represented by a 
vacant space in the fossil. The entopterygoid and ectopterygoid 
(pt.) form a very thin lamina, tapering to a point in front. Its 
lower margin is quite smooth; its inner face (Pl. VIII, fig. 4 a) 
is covered, however, with minute tubercular teeth, which are not 
enlarged towards the border, but are all rounded or bluntly conical, 
and invested with enamel, which is finely sculptured with delicate 
lines radiating from the apex (fig. 46). The most conspicuous 
bone of the mandible is the angular (Pl. VII, fig. 1, ag.), which 
must have extended for considerably more than half the length of 
each ramus. It is deepest just in advance of its middle point, 
where it rises into an acute coronoid eminence. Its anterior half 
tapers more rapidly than its posterior half, and two facettes show 
that it must have been overlapped and underlapped in front by the 
dentary and infradentary bones respectively. Its outer face is 
ornamented with longitudinal ridges, like those of the cranial roof, 
which have mainly a longitudinal direction, although slightly 
radiating upwards into the feebly-sculptured coronoid region. These 
ornamental ridges are not tuberculated or enamelled, and they 
scarcely form any reticulations. The articular bone (Pl. VII, 
fig. 1, art. & Pl. VIII, figs. 1 a & 1 b) is a separate element, uniting 
in squamous suture with the inner face of the angular, just behind 
the coronoid elevation. It is relatively small, short and stout, and 
well ossified, with two distinct facettes for exact articulation with 

1 A. S. Woodward, ‘On the Quadrate Bone of a Gigantic Pterodactyl dis- 


covered by Joseph Mawson, Esq., F.G.S., in the Cretaceous of Bahia, Brazil’ 
Ann. & Mag. Nat. Hist. ser. 6, vol. xvii (1896) pp. 255-57. 
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the ginglymoid end of the quadrate bone. In shape and relation- 
ship it agrees precisely with the articular bone of Macropoma 
(Pl. VIII, fig. 7, art.). Behind the articular there is at least one 
other stout ossification of the meckelian cartilage, which extends 
backward even beyond the angular and is visible from the outer 
face of the mandible (Pl. VIII, fig. 2, m.), where its thickened 
upper portion is conspicuous and peculiar, leaving a pit between 
this thickening and the posterier edge of the angular element (ag.). 
The same arrangement is also seen in Macropoma (Pl. VIII, fig. 8). 
Within the articular and the hinder ossification just mentioned, the 
inner face of the mandibular ramus is formed by one or more thick 
splenial bones, of which the precise extent forward is unknown. 
A much elevated coronoid process is formed by a separate bone, 
articulating with the outer face of the splenial in a narrow facette 
which is deepest behind (Pl. VITI, fig. 3, f). This element, which 
corresponds with the ascending process of the splenial in Polypterus, . 
is seen from the outer aspect on the right side of the type-skull 
(Pl. VII, fig. 1, co.), and is detached on the left side of the same 
specimen, thus displaying also its inner aspect (Pl. VIII, fig. 3). 
It is triangular in shape, with the middle of its antero-superior 
edge thickened, indented, and projecting outward; while its sig- 
moidally-bent inner face is covered with minute tubercular teeth 
like those of the pterygoid bones. The anterior part of the mandible 
remains to be discovered, but it probably bore small conical sculp- 
tured teeth rather longer than those of the pterygoid plates, 
because a few such teeth are scattered on the inner side of the left 
mandibular ramus in the type-specimen. 

Broken remains of the characteristic branchial arches project 
behind the cranium in the type-specimen (Pl. VII, fig. 1, dr.), 
and one detached ceratobranchial, from Mapelle Quarry, is especially 
well preserved. This bone measures 48 centimetres in length, 
tapers at each end, is laterally much compressed, and exhibits the 
usual deep groove posteriorly. 

One of the gular plates found with the type-skull is nearly com- 
plete (Pl. VIII, fig. 5), and its length equals about 34 times 
its maximum width. Its outer face is raised into a smooth longi- 
tudinal ridge, slightly curved, near the outer border of the bone; 
and from this radiates a fine ridged ornament, which is in places 
feeble, in places reticular. 

Isolated portions of the operculum, undoubtedly of the same 
species, indicate that this bone was shaped as usual in Ccelacanths, 
but much produced downward at its antero-inferior angle. It is 
completely covered with radiating ridges, which resemble those of 
the head-bones in being destitute of enamel and nearly smooth ; 
and they radiate from the point of suspension, where they are 
fewest and tend most towards reticulation (Pl. VIII, fig. 6). 

An isolated clavicle from Itacarénha (B. M., No. P 10061), large 
enough to have belonged to the type-specimen, is typically Cela- 
canth in its slightly-expanded, rounded upper end, and in the small 
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postclavicular expansion of its middle part. The bone is marked 
only by the ordinary lines of the structural fibres. 

Mr. Mawson has also obtained from the beach between Plataforma 
and Itacaranha one fragment of a small Coelacanth fin-ray, exhibit- 
ing the characteristic denticles arranged in an irregular double 
series on the anterior face. 

Besides the typical remains of Mawsonia gigas, there are others 
of the same genus which are doubtfully referable to this species. 
One imperfect right parietal bone (B. M., No. P 86), for example, is 
much shorter in proportion to its width than the original of 
Pl. VII, fig. 4, while its external ornament is much coarser; and 
this specimen is interesting as being still articulated with the 
postero-lateral plate of bone, which is usually interpreted as 
squamosal+post-temporal. Part of a relatively-small ornamented 
bone is suturally united with the inner border of the latter element, 
and with the hinder border of the parietal. There is also a nearly- 
complete left angular bone, not more than 27 centimetres in length, 
resembling the corresponding element of the typical Mawsonia gigas 
in shape, but with a coarser ornament forming large reticulations 
on the lower part of the coronoid elevation. Finally, there is a still 
smaller right angular from the Mapelle Quarry, in which external 
ornament is almost lacking. With the latter must be associated 
the hinder portion of an equally-small left dentary from the same 
quarry, showing the raised portion which would abut against the 
splenial. 

Mawsonia gigas is of especial interest as showing that, although 
the Coelacanth fishes were, as a rule, of comparatively-small size 
(the largest measuring considerably less than a metre in length), one 
at least attained gigantic proportions just before the final extinction 
of the family. 


Conciusron. 


If the vertebrate fauna now enumerated be compared with 
European standards, it will be noticed that two of the four 
commonest species are essentially Wealden in character, while the 
two others are chiefly Middle or Upper Cretaceous forms. The 
Goniopholid crocodiles are confined to the Wealden and Purbeck 
horizons in Kurope, while Lepidotus Mawson (although known only 
by fragments) is evidently one of the latest species of the genus 
closely similar to the well-known Wealden LZ. Mantelli. Chiro- 
mystus Mawsoni, on the other hand, must be regarded as one of the 
Chirocentride or Ichthyodectide which range upwards from the 
Neocomian ; while Diplomystus longicostatus belongs to a genus 
which is common in the Upper Cretaceous of the Lebanon, and is 
abundant later in the freshwater Lower Tertiaries both in Europe 
and in North America. Of the other species, Megalurus Mawsoni is 
a Jurassic, rather than a Cretaceous type of Amioid fish; and 
Mawsoma gigas may be either Jurassic or Cretaceous, although 
theoretical considerations suggest that it should be referred to the 
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latter period. The unique tooth of Acrodus nitidus is very small, 
and belongs to a diminutive shark like that indicated by the equally- 
small teeth of Acrodus ornatus from the Wealden of the Isle of 
Wight. The vertebrate fossils, therefore, confirm Hartt’s determina- 
tion of the Bahia estuarine deposits as referable to the beginning 
of the Cretaceous Period. It is certainly disappointing to find that 
at that time the land in the South-American region was as destitute 
of mammalian life as the continent in the Northern Hemisphere 
drained by the river which deposited the Wealden formation of 
Western Europe. 


EXPLANATION OF PLATES VI-VIII. 
Prats VI. 


Figs. la & 16. Goniopholis Hartti (Marsh); the greater portion of the 
mandibular symphysis, oral aspect (1 @), with anterior expansion (14) 
seen from below, one-quarter of the natural size—Setubal. [ Brit. 
Mus., No. R 3423.] 

Fig. 2. Ditto; incomplete dorsal scute, outer aspect, showing the antero- 
external peg, one-quarter of the natural size.—Ponta de Tinuaba, Ilha 
Maré. [Brit. Mus., No. R 3224.] 

3. Steneosaurus sp.; dorsal scute, outer aspect, showing the antero- 
external peg, three-quarters of the natural size.—Oxford Clay; 
Peterborough. [Collection of Alfred N. Leeds, Esq., F.G.S.] 

Figs. 4 & 5. Belonostomus (1) carinatus, sp. noy.; scales, partly broken, 
probably of the caudal region, natural size.—Itacaranha. [ Brit. Mus., 
No. P 10062. | 


Piats VII. 


Fig. 1. Mawsonia gigas, gen. et sp. nov.; remains of skull and mandible, 
right lateral aspect (type-specimen). [Brit. Mus., No. P 10355.] 
2. Ditto; left frontal of the same specimen, outer aspect. 
3. Ditto; left quadrate of the same specimen, outer aspect. 
Figs. 4a & 46. Ditto; right parietal of another specimen, outer aspect (4¢),. 
with (46) transverse section of edge of bone, showing overhanging 
outer iamina, natural size. [Brit. Mus., No. P 10356.] 


ag.=angular ; art.=articular; br. = displaced branchial arches; co.= 
coronoid ; cr. = cranium; km.=top of hyomandibular; ot. = otic region ;. 
pas. = parasphenoid; pt. = front end of ectopterygoid; prs. = pterygo- 
suspensorial plate ; gu. = quadrate. 


Prate VIII. 


Figs. la & 1b. Mawsonia gigas, gen. et sp. nov.; left articular of type-specimen, 
outer (a) and (4) condylar aspects. 

Fig. 2. Ditto; posterior end of the left mandibular ramus of the same specimen, 
outer aspect, showing the meckelian ossification (m.) projecting 
beyond the angular bone (ag.). 

3. Ditto; left coronoid of the same specimen, inner aspect, showing the 
granular teeth and facette (7.) for the overlap of the splenial. 

Figs. 4a & 4b. Ditto; portion of ectopterygoid of the same specimen (424) 
inner aspect, natural size, and (44) some teeth enlarged 15 times. 

Fig. 5. Ditto; gular plate of the same specimen, outer aspect. 

6. Ditto; portion of right operculum, outer aspect, showing place of 
suspension (s.). [Brit. Mus., No. P 10357. | 


AH.Searle del. et lith. Bale & Danielsson, L imp. 
Figs.1 & 2. GONIOPHOLIS HARTTI. 
Fig. 3. STENEOSAURUS. 
Figs. 4 & 5. BELONOSTOMUS ([?) CARINATUS. 
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Fig. 7. Macropoma Mantelli, Agass.; portion of the left mandibular ramus, 
outer aspect, showing articular (@7¢.) and angular (ag.) bones, natural 
size.—English Chalk. [Brit. Mus., No. P 6454.] 

8. Ditto ; portion of the left mandibular ramus, outer aspect, showing 
the meckelian ossification (m.) projecting beyond the angular bone 
(ag.), and the quadrate (gw.) in position, natural size. [Brit. Mus., 
No. 49094. ] 
[Unless otherwise stated, all the figures on Plates VII & VIII are drawn of 
one-third the natural size. ] 


Discussion. 


Mr. E. T. Newron congratulated one of the two Authors on the 
interesting and valuable material which he had collected, and the 
other upon the admirable use which he had made of this material ; 
especially in regard to the monster Coelacanth fish, the structure of 
which had been so clearly pointed out to the Fellows present. 

Mr. Lyprexxer, after referring to the possible bearing of the 
paper on the evolution of the Crocodilia and on continental 
connexions and disconnexions, congratulated the Authors on the 
result of their work. 

Mr. R. B. Newton, in thanking the Authors for their valuable 
paper, stated that Mr. Mawson’s collections contained some 
interesting molluscan remains, among which were a number of 
Anodont—or Unioniform—shells suggestive of Unio porrectus and | 
U. antiquus of British Wealden areas, associated with Vivipara- 
and Melania-like gasteropods, all of which had been studied by 
Prof. Hartt and later by Dr. C. A. White, both being of opinion 
that they belonged to the Lower Cretaceous. The vertebrate 
evidence now brought forward by Dr. A. 8. Woodward, especially 
the newly-recorded occurrence of Goniopholis, together with the 
Lepidotus-scales originally determined by Egerton, was strong 
confirmation as to the Lower Cretaceous age of these deposits. 
Contrary to these views, it might be mentioned that Prof. A. de 
Lapparent’s ‘Géologie’ contains a statement to the effect that the 
fauna of these freshwater deposits of Bahia shows resemblances to 
that which characterizes the Laramie Beds of North America. 

Dr. C. W. AnpREws congratulated the Authors on the valuable 
results that had been attained through the long and patient col- 
lecting carried out by Mr. Mawson. He enquired whether any 
crocodilian vertebre showing traces of a form intermediate between 
the earlier amphiceelian and the later proccelian types had been 
found, since it was about this horizon that the transition between 
the two must have occurred. In fact, intermediate forms had 
already been described in the vertebrae of Goniopholid crocodiles 
from the Lower Cretaceous in North America. 

Dr. Suita Woopwarpd apologized for the absence of Mr. Mawson, 
and briefly replied. The only vertebral centra that he had observed 
which might be crocodilian were typically amphiccelous. 


tee 
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10, On a New Divosaurian Reprine (ScLeromocuzus TAyYconrt, 
gen. et sp. nov.) from the Trias of Losstrmoutu, Ener. By 
ArtHuR Smita Woopwarp, LL.D., F.R.S., F.LS., F.G.S., 
Keeper of the Department of Geology in the British Museum 
(Natural History). (Read January 9th, 1907.) 


[Puate IX. ] 


ALTHOUGH so many types of reptiles have been obtained during 
recent years’ from the Triassic sandstones of Elgin, Mr. William 
Taylor has lately discovered two examples of a new form which 
represents still another group. Through his kindness I have had 
the privilege of studying these two specimens and comparing them 
with two more imperfect skeletons of the same animal, which 
occur on a slab of Elgin Sandstone in the late Mr. James Grant’s 
collection, now in the British Museum (No. R 3146). All the 
specimens show merely impressions of bones in the rock, but they 
occur in counterpart slabs, and many of their most important 
features can be readily understood with the aid of wax-squeezes 
taken from the cavities. 

The four individuals of this new reptile already known are 
approximately of the same size, each measuring about a decimetre 
in length to the root of the tail, which is long and slender. They 
therefore represent a comparatively-diminutive species; and the 
hghtness of the skeleton, with its hollow bones, suggests an animal 
of remarkable agility (see the accompanying text-figure, p. 141). 
The head is relatively large, and the neck short. The fore-limbs 
are small and delicate; while the hind-limbs are very large, and 
evidently adapted for a bipedal running or leaping gait. The more 
important measurements, in millimetres, are as follows :— 


ength ‘of head oii ciiwest onsen cee eae er ene seen ret ameetar. 32 
y presacral vertebral column ...................-. 53 
é sCajpiala hagas csh jsemeinewte peas osee el wcomecan eames 10 
2 Tum ertis) * es A ena ae eee cea ee at 19 
i‘ radius amd quilt na saeeenecoe seein soar 19 
5  Jongestidiort of manus ee s.e.y-ceeee eae 5 
5 ilium (antero-posterior) ........ i a Siede akg: 10 
os feria, sa ee VaR. nasil Coe, 30 
Fs tibia, andi iilull ay een cones eee er elas 34 
a8 metatarstisy jue keke suas Bee eee eee 17 
3 proximal phalanges of pes ...............02000200+ 4 
3 longest digit of pes (approximate)............... 12 


1 H. T. Newton, ‘On Some New Reptiles from the Elgin Sandstones’ Phil. 
Trans. Roy. Soc. ser. B, vol. clxxxiv (1893) p. 431; and ‘Reptiles from the 
Elgin Sandstone—Description of Two New Genera’ ibid. vol. clxxxv (1894) 
p. 573; G. A. Boulenger, ‘On Reptilian Remains from the Trias of Elgin’ 
abid. vol. exevi (1908) p. 175; and ‘On the Characters & Affinities of the 
Triassic Reptile Telerpeton elginense’ Proc. Zool. Soc. 1904, vol. i, pp. 470-81 
& pls. xxx-xxxiil. To the last paper Mr, William Taylor contributes a complete 
list of the known Triassic Reptiles from the Elgin district, with an account 
of their distribution. 
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Outline-restoration of the skeleton of Scleromochlus Taylori, natural 
size, with two digits of the manus hypothetically added, and the 
abdominal ribs omitted.—Trias ; Lossiemouth, Elgin. 


142 DR. A, SMITH WOODWARD ON [May 1907, 


The large head viewed from above or below, as in the type- 
specimen (Pl. IX, fig. 1), is elongate-triangular in shape, with a 
sharply-pointed snout. None of its external bones are sculptured. 
The orbit (ord.) and the antorbital vacuity are very large, as shown 
best in one of the British Museum specimens (Pl. IX, fig. 2); and 
a small, separate, lateral narial opening appears to be distinguishable 
in the type. The interorbital region is very narrow. No traces of 
teeth are seen in any specimen: hence it is probable that they were 
inconspicuous or absent. Apart from the dentition, the general 
aspect of the skull must have been much like that of the Elgin 
Ornithosuchus or the American Triassic Anchisaurus. 

The presacral vertebre are preserved in regular sequence in the 
type-specimen, and are about 21 in total number. ‘The centra are 
slightly constricted, and not much longer than wide; each slender 
neural spine has a basal extent nearly equalling the length of the 
centrum to which it belongs. Seven vertebree may be reckoned as 
cervical, but it is not certain whether they bore ribs. The thoracic 
ribs are slender and gently curved. Four vertebra, of the same size as 
the preceding, are comprised within the extent of the ilium (¢.), and 
each bears a pair of broad transverse processes or sacral ribs. The 
anterior caudal vertebrae, well seen in the type-specimen, are also 
equally large, and at least four of them bear broad transverse 
processes. The chevron-bones, of which some are seen scattered in 
Mr. Taylor’s second fossil (Pl. IX, fig. 36), are delicate and not 
much elongated, with the ascending arms not united above by a 
bridge of bone. The terminal caudal vertebree, which occur in 
short series in the same specimen, are much attenuated, and 
indicate that the tail was long and slender (Pl. IX, fig. 3a). 

The scapula, which is most satisfactorily shown in the British 
Museum specimen (Pl. IX, fig. 2,sc.), is a narrow slender blade, 
with the distal end scarcely expanded. Its length equals that of 
three to four anterior dorsal vertebree. The humerus (#) is very 
slender, as long as the fore-arm (7), and not much expanded at the 
upper end. The manus is indistinctly exhibited and probably 
incomplete in the type-specimen, but traces of three slender digits 
are preserved. The hollows in the fossil left by the pelvis cannot 
be exactly interpreted. It may only be stated that the ilium is 
antero-posteriorly extended for the length of four vertebre; that 
the pubis, which slopes downward and forward, is not rod-shaped, 
but expanded into a narrow lamina which tends towards meeting 
its fellow of the opposite side in the median line; and that the 
ischium is a comparatively-thick rod (as shown on the left side of 
Mr. Taylor’s second fossil). A bar of matrix on both sides of the 
type-specimen and appearances in the second fossil suggest that the 
acetabulum was perforate, but this is not certain. The femur (f/f) 
is nearly straight, and very little shorter than the tibia. The 
cnemial crest of the tibia (¢), as best seen in Mr. Taylor’s second 
specimen, is not very prominent; and the large size of the internal 
cavity of this bone is well shown by its infilling, preserved on the 
right side of the type-specimen. The fibula is very slender, though 
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complete, and is always found in undisturbed contact with the 
tibia. The tarsal bones are obscure in all cases, but they are 
scattered in the second specimen, and one of them (Pl. IX, fig. 4) 
is remarkably similar to the elongated calcaneum discovered by 
Marsh in Hallopus. The metatarsus (mt.), which is conspicuous 
in all the fossils, is half as long as the tibia, and consists 
of four slender elements, of approximately equal length, firmly 
fixed together. Atleast, these four bones always lie in close contact 
in perfectly-parallel order, however much the foot may be crushed 
and displaced. On the outer side of the proximal end of the 
metatarsus of the left hind-foot in the type-specimen, there is the 
impression of a small bone which appears to be a rudimentary fifth 
metatarsal, although it may be only a displaced tarsal. Three of the 
proximal phalanges of the foot (p) occur well separated by matrix 
in both Mr. Taylor’s specimens, and the longest toe in the type- 
specimen clearly comprises five phalanges, of which the terminal is 
a pointed claw. 

There are no traces of dermal armour, but an impression of the 
abdominal wall is distinctly preserved in the British-Museum 
specimen (Pl. IX, fig. 2), owing to the fact that it is strengthened 
with a plastron of closely-arranged abdominal ribs (abd.). The bones 
are very slender, much more delicate than the thoracic ribs, and are 
seen again, although scattered and displaced forwards, in Mr. Taylor’s 
second specimen. 

All the characters of the skeleton which have not been enumerated 
in the foregoing pages are more or less doubtful, and among these 
are unfortunately some of fundamental importance for the deter- 
mination of the affinities of the new animal. 4s originally pointed 
out to me by Mr. William Taylor, when he showed me the fossils, the 
extreme lightness of the whole skeleton and the peculiar mechanical 
adaptation of the hind limbs suggest comparisons with a bird; but the 
observable parts of the head, fore-limbs, and pubis prove that the 
animal is a reptile. Among reptiles, it can only be compared with 
the Rhynchosauria, Parasuchia, and Dinosauria; but lack of know- 
ledge, especially of the pectoral arch below the scapula, prevents 
determination by strict rule. The pelvis is very different from that of 
the known Rhynchosaurians ; while the absence of bony armour and 
the apparent perforation of the pelvic acetabulum distinguish the 
animal from the ordinary Parasuchia. So far as preserved, how- 
ever, most of the characters agree well with those of the Dinosauria, 
especially the American Triassic genera described by Marsh.’ 
Compared with the latter, the new Elgin fossil is remarkable for the 
relatively-large size of the head, <he apparently-toothless jaws, and 
the firm union of four long metatarsal bones in the foot. These 
are the characters of a hitherto unknown genus, which may be 
named Scleromochlus (‘hard fulcrum’); the type-species being 


1 Anchisaurus, Ammosaurus, and Hallopus, Marsh, ‘The Dinosaurs of North 
America’ 16th Ann. Rep. U.S. Geol. Surv. 1894-95, pt. i [1896] pp. 147-55 & 
pls. ii-iv, vi. Aadllopus is regarded as Lower Jurassic by Marsh, but referred to 
the Trias by Williston, Journ. Geol. Chicago, vol. xiii (1905) p. 338. 
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the small Seleromochlus Taylori now described. For a geological 
period so remote as the Trias, the high degree of specialization 
of this diminutive Dinosaur is truly astonishing. 


EXPLANATION OF PLATE IX. 


Seleromochlus Taylor, gen. et sp, nov.; impressions of parts of 
the skeleton.—Trias ; Lossiemouth, Elgin. 


Fig. 1. Type-skeleton, impression seen from below, natural size. [William 
Tayior Collection. | 
2. Portions of two skeletons, one showing the plastron of fine abdominal 
ribs, natural size. [James Grant Collection, Brit. Mus. No. R 3146.] 
Figs. 3a & 36. Portions of tail (8 a), with (36) scattered chevron-bones, 3 times 
the natural size. [William Taylor Collection, No. 2.] 


Fig. +. Wax-impression of the supposed caleaneum, natural size. [Same 
specimen. | 

5. Wax-impression of part of the right hind-foot, natural size. [Type- 
specimen. | 


abd. = abdominal ribs; 7 = femur; 2 = humerus; 7. = ilium ; mt.=meta- 
tarsus; orb, = orbit; p = proximal phalanges of hind-foot; 7 = radius and 
ulna; sc. = scapula; ¢ = tibia and fibula. 


Discussion. 


Mr. E. T. Newron alluded to the extreme interest attaching to 
any new fossils from the Elgin Sandstones that might throw 
additional light upon the age of those deposits, a point which still 
needed closer investigation. He also spoke of the difficulty 
that attended the working-out of these small Elgin reptiles, and 
warmly commended the masterly manner in which the Author 
had accomplished his task. The reference of these small specimens 
to the Dinosauria would, he thought, prove to be correct. 

Dr. C. W. AnpREws remarked upon the extremely-high degree 
of specialization that had been attained by the various groups of 
Triassic Reptiles, and suggested that the form now under discussion 
might have been adapted for leaping, a mode of progression common 
among animals inhabiting desertic or, at least, sandy country, a good 
instance being the Jerboas, in which also the metatarsals were 
fused. The view that was expressed by one speaker, that this 
reptile might have been a predecessor of the Birds, seemed to be 
negatived by the extreme reduction of the fore-limbs and the absence 
of teeth. 

Mr. A. P. Youne wished to ask whether anything in the skeleton 
suggested that the animal was fitted for a gliding flight, by means 
of an extended membrane, as seen in the flying squirrels of Southern 
India. 

The AvutHor, in reply, admitted the remarkable resemblance 
between several parts of the new skeleton and the corresponding 
parts of birds, but he did not think that the affinities of the animal 
were closely Avian. He saw no evidence in the skeleton for the 
belief that any of the soft parts were arranged for gliding through 

the air. 
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11. On Cuanens of Paystcan Constants which take place in certain 
Minzrats and Ienzous Rocks, on the Passage from the 
CrrsraLiIne to the Guassy SratE; with a short Nore on 

_ Eurscric Mrxturrs. By James Arcursatp Dovetas, B.A., 
F.G.S., Burdett-Coutts Scholar in the University of Oxford. 
(Read March 13th, 1907.) 


Tux effect of high temperatures on minerals and igneous rocks has 
long been a subject of geological research. De Saussure, in 1779, 
was the first to remark the fact that igneous rocks diminished in 
density on fusion, and became converted into a glassy substance. 
Further investigations as to these phenomena were made by 
Dolomieu in 1788, Sir James Hall in 1790, Magnus in 1831, and 
Bischof in 1841. The work of these early observers inspired 
Delesse in 1846 to publish an important paper on the glasses 
formed by the fusion of igneous rocks. This paper gives a good 
idea of the methods employed, at a time when electrical heating 
was an unknown factor in scientific research. With the improved 
appliances of modern science, the number of investigators has so 
greatly increased that it is only possible to mention the more 
recent researches of, Barus, Deelter, Joly, Teall, Cusack, Bakhuis 
Roozeboom, Vogt, Akerman, Allen, and Day. 

At the present time, every well-appointed laboratory has its 
electrical installation, and high temperatures may thereby be easily 
attained. As I had a strong current at my disposal, Prof. Sollas 
suggested that I should melt certain minerals and igneous rocks by 
means of a simple platinum-resistance, and endeavour to redetermine 
the change of specific gravity which accompanies their fusion. 

In the following paper I have given a brief account of some 
experiments on the fusion of igneous rocks, and the determination 
of their specific gravities in the glassy state; I have also added a 
few observations on the thermal properties of the felspars, and an 
attempt to determine experimentally the existence of eutectic 
mixtures of quartz and orthoclase, and orthoclase and albite. 


Before proceeding with an account of my apparatus, it may be 
advisable to give a short summary of the methods employed by 
Delesse (4)* in his memoir of 1846, as no important paper on the 
glasses of igneous rocks seems to have been published since then. 

Somewhat less than a cubic decimetre of the rock to be examined 
was crushed up and placed in a Hessian crucible, which was heated, 
at first gradually, and finally with a sudden increase of temperature, 
in an ordinary glass-furnace to a temperature about the melting- 
point of orthoclase. After some time, the crucible was withdrawn 
from the furnace and allowed to cool rapidly, the product of the 
fusion being in the form of glass. This glass, after being removed 
from the crucible, was crushed and its specific gravity was measured 


* Numerals in parentheses throughout this paper refer to the Bibliographical 
List, p. 160. 
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in a specific-gravity flask. Thus the percentage-increase in volume 
of the rock on becoming glass could be calculated. 

The objections which may be brought forward against this method 
are the following :— 


(1) In dealing with a cubic decimetre of the rock, the whole may not have 
become completely fused. This possibility would be greatly increased if the 
rock were not reduced to the finest powder, as appears to have been the case 
since it was at first slowly heated to prevent the projection of chips. 

The following description seems to suggest incomplete fusion :—‘ Tantot le 
verre est parfaitement homogeéne, tantot au contraire, ainsi que de Saussure 
Vavait déja remarqué, on y observe de petits squelettes blancs formés de quartz 
et quelquefois de feldspath, qui ne se dissolvent pas dans la masse.’ (Op. cit. 
p. 1386.) 


(2) Researches on the synthesis of minerals have shown that very rapid 
cooling is necessary to obtain a perfectly-homogeneous glass. This, I imagine, 
is only possible where the bulk of the glass to be cooled is very minute. 


(3) The whole of the glass may not have been of the same composition. 

Dr. J. Morozewicz has described how, when melting a granite of specific 
gravity 2°716, he obtained a glass, the specific gravity of which varied from 
2:238 in the upper layers to 2°484 in the lower ; the silica bemg more abundant 
at the surface. (Tscherm. Min. & Petr. Mitth. vol. xviii, 1898-99, pp. 1-90, 
105-240.) 


(4) The molten glass had an action on the crucible. 

To use Delesse’s own words :—‘II faut cependant faire exception pour les 
roches riches en mica, ainsi que pour les roches volcaniques qui corrodent 
fortement les creusets et peuvent les percer.’ (Op. cit. p. 1382. 

Dr. Morozewicz has also experienced the same difficulty when dealing with 
molten solutions in clay-crucibles. (Neues Jahrb. vol. 11, 1893, p. 42.) 

Bischof, moreover, has described how, after adding 30 per cent. of clay-slate 
to afused lava, he still obtained a perfectly-clear and homogeneous glass 
(‘Chem. & Phys. Geologie’ Suppl. 1871, p. 98). Delesse’s glasses, then, may 
have attacked the crucibles to a greater extent than he imagined. 


(5) There appears to exist no means of testing the accuracy of the method 
employed in taking the specific gravity of the glasses, which, although crushed, 
were full of bubbles. 


In the present research I have tried to eliminate, as far as 
possible, these sources of error by finely powdering the rock in an 
agate mortar, and melting only a very small quantity ; by using 
platinum which is not attacked by the molten glass ; by the instan- 
taneous cooling possible with electrical heating ; and by taking the 
specific gravities of the glasses in a diffusion-column of heavy fluids: 
to obtain good results with these necessitates the glasses being free 
from bubbles and perfectly homogeneous. 

The apparatus’ used in melting the rocks was very simple in 
construction. It consisted of a short length of platinum-ribbon, 
held by two horizontal brass-clamps which were 2 centimetres 
apart; these were supported by vertical pillars on a bed of slate, 
24 ems. thick, which acted as a complete insulator preventing any 
leakage of current. The ribbon was 7 millimetres broad, and a 
length of about 3 centimetres was used for each experiment; it 


1 The apparatus is similar to that suggested by Prof. Joly ‘On the Volume- 
Change of Rocks & Minerals attending Fusion ’ Trans. Roy. Dublin Soc. ser 2, 
vol, vi (1897-98) p. 283. 


Vol. 63. | CONSTANTS IN MINERALS AND IGNEOUS ROCKS. 147 


was bent midway between the clamps into a loop, in which the 
substance to be melted was placed. The wires conveying the current 
from the switchboard were connected to two binding-screws which 
were attached by copper-strips to the base of the pillars (see fig. 1), 

The current, which was taken directly from the mains at 
100 volts, was reduced to a suitable strength by means of German- 
silver wire-resistances, These resistances were in the form of long 
spiral coils, and were enclosed in a perforated-zinc case. The 
latter allowed free access of air, as it was necessary to prevent 
heating as far as possible: for, when the wires became hot, their 
resistance increased, and consequently there was a diminution in 


Fig. 1.—Apparatus used for melting igneous rocks, by means of an 
electric current. 


the strength of the current. German silver was used for the coils, 
in the place of galvanized iron, owing to the limited space; the 
latter, however, is more suitable, as it becomes heated less readily 
and is far cheaper. The total resistance in the circuit when cold 
was about 12°5 ohms, and ranged down to 2°32 ohms. 

The switchboard was calibrated to give from 83 to 43 amperes, 
the last few studs being graduated in fractions of an ampere, so that 
a careful adjustment of the temperature was possible when nearing 
the fusion-point of the platinum, the ribbon usually becoming white- 
hot at about 40 amperes. 


The method of procedure was as follows :— 
The specific gravity of a fresh specimen of the rock to be 
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examined was first determined by means of a ‘ Walker’s balance,’ 
two or three readings being taken in every case. 

A portion of the rock, about the size of an acorn, was then 
crushed in a steel mortar, passed through a fine copper sieve, and 
subsequently ground to the finest powder in an agate mortar. 

A sample of this powder was then placed in the loop of the 
platinum-furnace, and subjected to a temperature just below the 
fusion-point of platinum. After some time, the current was 
switched off, and the molten rock instantaneously solidified as glass, 
which, on the platinum-loop being pulled out, peeled off in the form 
of a flake; it was then crushed, and examined microscopically under 
crossed nicols. If found not to be perfectly homogeneous, it was 
remelted until all traces of crystalline particles had disappeared. 

When the fusion was found to be complete, the glass was gently 
broken up in a small steel mortar, care being taken not to grind it 
up into too fine a powder. It was then passed through a small copper 
sieve, with a mesh of 12 to the square millimetre. The sieve was 
so constructed, that a fresh piece of copper-gauze could be used for 
each rock. The specific gravity of the glass was then determined by 
means of a diffusion-column of heavy fluids. 

The diffusion-columns were made from hard glass-tubing, of 
32-inch bore, cut into lengths of about 9 inches. It was found 
extremely important to clean and dry thoroughly each tube before 
use, as the powdered glass readily adhered to its surface. Strong 
sulphuric acid, absolute alcohol, and benzol were found quite 
efficient for this pupose. When the tube had been cleaned, its 
lower end was sealed up in the blowpipe-flame. The construction 
of a diffusion-column is too well-known to need description, but it 
may be noted that the powdered glass was always poured in before 
the fluids, as the latter, by moistening the sides of the tube, caused 
the fine particles to stick to the surface of the glass, and allowed 
only a small proportion to enter the column. 

The fluids employed were carbon-tetrachloride and methylene- 
iodide, and the indices were small glass beads, the specific gravities 
of which had been determined to the third place of decimals. These 
were dropped into the column after the glass had risen and formed 
a zone. 

The top of the tube was then sealed in the blowpipe-flame, so 
that little or no evaporation took place and the diffusion was 
very slow. 

The positions of the beads and glass-zone in each column, which 
were read by the aid of a horizontal travelling microscope, were then 
plotted on a curve. When the diffusion was complete the beads, if 
accurate, lay on a straight line; a week or more often elapsed 
before this took place, so that the zone of glass could be carefully 
watched. In cases where the curve did not eventually become a 
straight line, the beads were redetermined and subsequent cor- 
rections made. The powdered glass usually settled into a well- 
defined zone, the specific gravity of which could be determined by 
insertion on the curve formed by the indices. 
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When the final reading had been made, the top of the tube was 
broken off, and the glass and beads were collected on a filter-paper. 
They were then washed with carbon-tetrachloride and afterwards 
with alcohol, the glass being preserved for further investigation. 

After crushing, the glass appeared to be almost entirely free from 
bubbles ; if, however, any remained, the fragments enclosing them 
rose somewhat above the general level of the zone, and could be 
neglected. In the same way, any unfused crystalline particles 
would tend to sink. 

Thus it can be seen that the more complete the fusion the better 
defined will be the zone, and the very fact that it is possible to 
ascertain the specific gravity of the zone ensures the rock having 
been converted into a perfectly-homogeneous glass. 

The change in specific gravity having been thus ascertained, the 
percentage-increase in volume of the rock on becoming glass can be 
calculated from the formula 


where d, = Density of rock, 
d, = Density of glass, 
V, = 100, 
V,= Volume of glass. 
The following list comprises some of the results ascertained by 


previous investigators. The numbers refer to percentage-increase 
in volume :— 


Delesse. Bischof. 
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Basaltshctcaue eek Stor Po Rowley-Rag dolerite... 6°36 ,, 
Glassy lavas ......... Pte 734); Cail Beraa 
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Nearly all the rocks experimented on come from well-known 
localities, and have been analysed ; references to these analyses are 
given at the end of this paper(p. 161). The melting of the powdered 
rocks was watched through coloured glasses, and their behaviour 
was found to vary only so far as their viscosity and coloration 
were concerned. The acid rocks were hard to fuse, and crushing 
and remelting had to be resorted to in several cases before a good 
zone could be obtained in the diffusion-column. 

The colours of the glasses varied from a black almost metallic 
appearance in the case of the gabbro, through stages of botile- 
green and pale-green, to the perfectly-transparent rhyolite-glass. 

Unfused crystalline particles could often be seen in the molten 
glass, but these eventually disappeared after further heating. 

Bubbles seemed only to be formed at high temperatures ; these 
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increased in size by coalition and rose to the surface, where they 
were expelled. In the acid rocks, however, owing to their greater 
viscosity, they were extremely difficult to drive off. 

The molten glasses, at temperatures well above their fusion- 
points, more especially the basic forms, had the appearance of 
boiling ; this, however, was not of long duration. 

The majority of the rocks examined were easily fused, giving 
clear glasses of a bottle-green colour, almost free from bubbles. 

The following cases, however, require special mention :— 


1. Shap Granite.—A somewhat larger specimen of this rock was crushed 
up, owing to the presence of porphyritie orthoclase-crystals. It was 
very hard to fuse, and had to be crushed and remelted twice before a 
zone could be obtained. ‘The glass was of a pale-green colour. 

2. Peterhead Granite.—Fused with difficulty; was crushed and re- 
melted. Hor some time small brown specks remained undissolved, 
these being probably biotite. The glass was colourless, and gave one of 
the best-defined zones. 


3. Rhyolite.—Was very hard to fuse, containing many bubbles which 
were driven off with difficulty. Glass perfectly colourless and trans- 
parent. 


4. Gabbro.—Very low fusion-point. Glass black and opaque, with an 
almost metallic lustre ; flooded the ribbon at high temperatures. 

5. Quartz-Enstatite-Diabase.—Fused with difficulty, probably owing 
to the presence of quartz. ‘The glass was crushed and remelted. 


In no case did there appear to be any action on the platinum- 
ribbon. [append (on p. 151) a tabulated list of the rocks that were 
experimented on, showing the change of specific gravity and per- 
centage-increase of volume on fusion. It will be seen that this 
increase attains a maximum in the acid plutonic rocks, and decreases 
with an increase of basicity. The presence of quartz in more basic 
rocks seems to affect readily the increase of volume ; this is very 
noticeable in the tonalite and quartz-enstatite-diabase, the latter 
having an expansion nearly as great as that of Shap granite. The 
three specimens of andesite resemble one another closely. 

These results, although slightly lower in many cases than those of 
Delesse, do not differ from them to any great extent. They merely 
serve to demonstrate, by an entirely-different method, the great 
expansion which must eventuate when an igneous rock becomes 
converted into the molten state. A considerable contraction takes 
place when a molten magma solidifies as glass, and this must be 
greatly increased if crystallization occurs. 

A comparison may, I think, be drawn between the conditions 
under which the enormous lava-flows of Iceland, India, and North 
America, known as ‘ fissure-eruptions, were formed, with the con- 
ditions which may be obtained in a small platinum-furnace, such 
as the one used in the foregoing experiments. The behaviour of the 
gabbro may be taken as typical of the other basic rocks. 

It was found that, on placing a small portion of the powdered 
rock at the bottom of a U-shaped loop in the ribbon, and suddenly 
raising the temperature to a point many degrees above its fusion- 
point, an instantaneous melting took place, and so great was the 


Vol, 63.) CONSTANTS IN MINERALS AND IGNEOUS ROCKS. 151 
expansion that the molten glass completely filled the loop and 


welled out, flooding the platinum-ribbon on each side. 


) Sp. Gr. of | Sp. Gr. | Change | Percentage | 
Name. Locality. Crystalline 0 V.. Sone Increase 
Rock. Glass. |Sp. Gr.|in Volume. 
1 'Granite ............\Shap Fells (Cumber- 2°656 2°446 210 | 8°58 
| land). | 
2 |Granite ............|Peterhead(Aberdeen).| 2°630 | 2°376 "254 10°69 
3 |Syenite ............/Plauen’scher Grund, 2°724 | 2°560 164 6°40 
Dresden. | 
4 |Tonalite ............ \New Zealand ......... 2°765 2-575 | 7190 4-37 
5050) 0: re Guernsey jses-osee2se os 2°833 2°680 153 5°70 
6 |Diorite ..|Markfield (Leicester-- 2°880 | 2°710 "170 6:27 
shire). 
7 \Gabbro ..\Carrock Fell (Cum- 2°940 2°791 149 5°41 
berland). 
8 |Quartz-enstatite - |Penmaenmawr......... 2°790 2°578 | °212 8°20 
diabase. 
9 |Rhyolite ............/Tardree (Antrim) 2°4.60 2°375 "085 3°50 
| 
10 Olivine-dolerite ...|Clee a (Shrop- 2°889 2°775 114 4°14 
shire). 
HH |Dolerite «.,....:....|Rowley Rag .,...:..: 2°800 2°640 160 6°06 
Ze Dalene: 2.4) sactos VW MI OU ges ctee oc 2°925 2°800 "125 4°46 
13 Micropeecilitic New Zealand ......... 2°670 2°525 145 5°74, 
' andesite. 
14 |Micropeecilitic (New Zealand ......... 2°700 2°570 "130 5°05 
andesite. 
15 |Hyalopilitic an-New Zealand ......... 2°692 2°550 142 5°56 
desite. say 


If a mass of igneous rock be imagined in the earth’s interior, 
kept solid by pressure, though far above its melting-point: on a 
sudden release of this pressure, by a dislocation along a fault or 
flaw-plane, the conditions would be analogous to the above, and an 
immense outpouring of lava might take place. 


The melting-points of the glasses formed by the fusion of the 
above rocks were taken by means of a meldometer, constructed 
after the model of that invented by Prof. Joly (6). The tempe- 
ratures are calculated from the observed expansion of a platinum- 
ribbon, previously calibrated with substances of known melting- 
points, which takes place when it is heated by an electric current. 
A description of this instrument, with its method of use, is given 
by Mr. R. 8. Cusack (2). The substances used in calibration of the 
ribbon were silver-chloride, potassium-bromide, potassium-carbonate, 
copper-oxide, and palladium. The current was the same as that used 
for the platinum-furnace, but it was brought down to a suitable 
strength by means of galvanized-iron wire resistance-coils. There 
was also an additional rheostat, in the form of two parallel German- 
silver wires connected by a sliding bridge: this had a total resist- 
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ance equal to the difference between any two of the contact-studs 
on the large coils, and thus could be used in more detailed obser- 
vations. ‘These wires were connected at one end to springs which 
prevented them from sagging when they became heated. 

The head of the micrometer-screw, used in measuring the 
expansion of the ribbon, could be read to -0005 of a millimetre. 
The platinum-ribbon was similar to that employed by Mr. Cusack (2), 
a length of about 10 centimetres being used for each experiment. 
When in use, it was surrounded by a trough of asbestos to exclude 
draughts ; a thin film of mica was also used as a cover, which in no 
way hindered the view of the microscope. 

The appearance of minute fragments of the glasses on the ribbon 
was not conducive to exact’ determinations of their melting-points ; 
a considerable range has therefore been recorded, the highest points 
being those at which the glass was undoubtedly molten, the 
lowest, those at which it seemed to become viscid. The variation 
in their melting-points is hardly as great as the difference in their 
composition would seem to suggest; however, it must be recog- 
nized that the melting-point of the glass must be considerably 
lower than that of the crystalline rock, and this difference may 
vary, as do the differences in specific gravity, with the composition 
of the rock. 

The following is a list of the melting-points of the rock-glasses, 
as determined by the meldometer :— 


Rhy olite iss. sussassieeee eee eee hee 1260° C. 
Shap granite yw eeeee eee ee seer eeeeeee 1285-1255° C. 
Peterhead ‘gramiteme-.sse- esse eee oe 1215° C. 

’ Plauen'scherisyemites ares eee 1165-1175° C. 
'Tonalite:\..eeeeee cee ene eee eeere 1150° C. 
Markfield dionritem sera eee 1147° C. 
Guernsey dionitteyen eee ee 1125° C. 
Quartz-diabaseteere-qpee eee een 1085-1105° C. 
Whin-Sill dolerite .................. 1107° C. 
Rowley-Rag dolerite ............... 1100° C. 
Andesite) (4 joni lon) meeeneeeeeres 1095-1125° C. 
Andesite/(13jador. ampere 1095-1120° C. 
Andesite/(1 Sy) 1doy aa)! eeieceeesey 1097-11002 C. 
Gabbro i.) eee eee nace 1085° C. 
Clee-Hills dolerite .................. 1070° C 


The refractive indices of the rock-glasses were determined by 
the microscopic method employed by Becker in the identification 
of the felspars. The nicol-prisms are removed, and a diaphragm 
put under the stage of the microscope; then, on focussing down 
with a high-power objective, a halo of light is seen to pass from 
the substance of higher refractive index to that of the lower. 
Thus, if the glass be of higher refractive index than the fluid in 
which it is immersed, the halo will pass outwards. By immersion 
in a series of fluids of known refractive index, the refractive indices 
of the glasses may readily be determined; the greater the number 
of fluids employed, the more exact will be the results. 

The fluids used in the determinations here recorded ranged by 
intervals of -0005 from aniline (1°588) down to copaiba balsam 
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(1°517). For better observations of the halo, it was found convenient 
to use light passed through a coloured medium, such as a solution of 
potassium-bichromate. 

The following list shows the comparison between the approximate 
refractive indices of the glasses, with their specific gravities :— 


Name. Sp. Gr. of Glass. Refractive Index. 
Gogg 6/0050 | 1123 /  e e 2°375 Slightly greater than 1°527 
2. Peterhead granite ............ 2°376 Between 1°527 and 1°533 
2 SOADIALAMIGE (0 0t.cccececsenes 2°446 Between 1:527 and 1°533 
4. Micropeecilitic andesite ....., 2°525 About 1°567 
5. Hyalopilitic andesite ...... 2550 Between 1°567 and 1:573 
RR SV OMI C i ooo cnicn cane <p utocatast 2560 7 + Lod and 1573 
7. Micropecilitic andesite ...... 2°570 . 1:567 and 1:573 
See DOMEEEE | 5.45 ace sas ee 2°575 A. 1-567 and 1°573 
9, Penmaenmawr diabase ...... 2:578 mee oGfand 1573 
10. Rowley-Rag dolerite ......... 2°640 es 1°573 and 1°578 
11. Guernsey diorite ............ 2°680 » 1573 and 1°578 
12. Markfield diorite ............ 2°710 3. 6S and 1578 
13. Clee-Hills dolerite ......... 2775 Less than 1:578 
Le Gabbrovies. et 22.60. cece. 2-791 Less than 1578 
15. Whin-Sill dolerite ............ 2-800 About 1578 


These results are merely approximate, owing to the wide inter- 
vals between the fluids ; they comply, however, with the formula 


nm—Il 


7 =K, whered=Density, n=:Refractive index. 


Fusion of Minerals. 


The methods used in estimating the change of specific gravity 
which accompanied the fusion of the minerals examined were 
similar to those employed in dealing with the rocks. Certain 
members of the soda-lime felspar series were the first chosen to be 
experimented on, since they are generally recognized as consti- 
tuting the most interesting and important group of rock-forming 
minerals. Specimens were selected from known localities, the 
composition of which had been found by analysis to approximate 
most nearly to the theoretical composition. 

The method of procedure was as follows :—The mineral to be 
examined was crushed in a steel mortar, and passed through a 
fine copper sieve; the powder thus obtained was placed in a 
beaker, and washed with distilled water in order to remove the 
impalpable dust. It was then carefully dried in a water-oven, 
and finally purified by means of a mineral-separator similar to 
that described by Prof. Sollas in Quart. Journ. Geol. Soc. vol. lviii 
(1902) p. 163. The fluids used were carbon-tetrachloride and 
methylene-iodide. It was found possible, with certain precautions, 
to separate components differing in speci ifie gravity by two figures 
in the third place of decimals. 

The chief source of error in this type of apparatus is that due to 
evaporation round the stoppers. Since the separation will be more 
perfect the longer the time taken, and the more frequently the 
fluid is agitated, in dealing with so small a range of specific gravity 


Q.J.G.8. No. 250. M 
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it is absolutely necessary to prevent this evaporation. The following 
method was found effective :—A short length of broad rubber-tubing 
was passed over the head of the separator, so as to fit closely round 
the base of the neck, where it was secured by an elastic band. This 
formed a cup, which could be filled with mercury to above the level 
of the stopper. ‘The lower limb of the separator, carrying the small 
stopper, was fitted into a wooden tube also filled with mercury. 
Thus evaporation from either end was completely prevented. 

The apparatus was swung from a horizontal wire, and the slight 
movement necessary for separation was obtained by passing one end 
of a string through the elastic band mentioned above, and causing 
the other end to be jerked at intervals by clockwork. The strength 
and periodicity of the jerks could be regulated by increasing or 
diminishing the length of the string. ‘Thus, by causing the lower 
end of the separator to tap against a wooden upright, the fluid 
could be gently agitated for an ‘indefinite period. 

The purified mineral, of known specific gravity, was removed 
from the separator, washed with benzol, and dried in a water oven; 
it was then ground down to the finest powder in an agate mortar, 
and melted in the platinum-furnace, as described above. The 
specific gravity of the homogeneous glass thus formed was measured 
in a diffusion-column, and the percentage-increase in volume 
calculated. 

The following list gives the result of these determinations, and 
it will be seen that the increase of volume becomes gradually less 
in passing from the soda- to the lime-end of the series. This, 
however, is to be expected from a study of the change of volume 
in the igneous rocks. The Roman numerals refer to analyses in 
Prof. Carl Hintze’s ‘Handbuch der Mineralogie’ vol. ii (1897) 
pp. 1470, 1492, 1531, & 1549. 


Sp. Gr. Sp. Gr. Change Percentage 
of of 


of increase 
Crystal. Glass. Sp. Gr. of volume. 
XXV. Albite (Pfitschthal, Tyrol)... 2°625 2373 "252 10°61 
LXXXVI. Oligoclase (Tvede- : ; : 
strand) ..o.. cee eeeee i sie eae a ee 
Andesine (separated 2-677 2519 165 6:56 


from tonalite) ...... 


CLI-CLXII. Labradorite (Lab- 


radon). Leese zi) RU 120 5°88 

XIX-XXI. Ancrthite (Monte ee . ee : 
Soma) ) es e-eeeeeee | ae ee ee 3:18 

The following minerals were also experimented on :— 

CXLIV. Adularia (St. Gotthard).. 2°575 2370 *205 8°65 
Leucite (Vesuvian lava).. 2°480 2-410 ‘070 2°90 
Apatite (St. Gotthard)... 3°197 2:972 295 757 
Mremolite: 2.1.2. seen 2990 2-780 210 7:55 
Achinolite: .1:.:5-. 9a 3°040 2°810 *230 8°18 
Parrasitie.:..... sce eeseeeeee 3°109 2°790 "319 11:43 


Quartz, infusible. 
Andalusite is not fusible in sufficient quantities to obtain a zone of 
glass. 
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These mineral-glasses were all colourless and transparent, with 
the exception of pargasite which was pale-yellow, and actinolite 
which was olive-green; they all, with the exception of apatite, 
have well-defined zones in the different columns. 

The melting-points of the felspar-glasses were ascertained by 
means of the meldometer. The results obtained seemed at first far 
from satisfactory, since they appeared to have no relation to those 
found by Prof. Joly, Mr. Cusack, or Prof. Deelter, even allowing for 
difference in purity of the specimens melted, and errors of experi- 
ment.. They were, however, found to le on a regular curve, and 
repeated trials still gave the same high temperatures. 

Some time after obtaining these results, my attention was 
drawn to a paper by Messrs. Day & Allen, published in the 
American Journal of Science (3). This paper gives an account of 
the thermal properties of the felspars, the melting-points of which 
were found to be considerably higher than any previously obtained. 
A distinct comparison can be drawn between my results and 
those recorded in Messrs. Day & Allen’s paper, although the former 
were determined independently and by a different method. 

The method employed by Day & Allen may be briefly described 
as follows:—Chemically-pure soda-lime felspars were prepared 
synthetically; these were powdered, and then placed in platinum- 
crucibles of 100 cubic-centimetre capacity, which were slowly 
heated to above 1400° C. in an electric furnace. 

The temperatures up to 1150° were taken with a gas-thermo- 
meter; above this point they were extrapolated by means of the 
thermo-electric force developed on heating a thermo-element com- 
posed of pure platinum and platinum with 10 per cent. of rhodium, 
a curve was plotted showing the relation between time and tempera- 
ture, and the position of an abrupt change in the form of the 
curve, which denoted an absorption of latent heat, was taken to 
represent the temperature at which fusion commenced. 

The melting-points were, by this method, found to lie on a straight 
line, which showed a gradual fall of temperature towards the albite- 
end of the series. 

The soda-lime felspars, then, since they comply with Dr. Fr. W. 
Kiister’s rule that 
‘ the solidifying point of an isomorphous mixture lies on a straight line joining 


the melting-points of the components, and can be calculated from the percentage- 
composition of the mixture’ (see also Zeitschr. fiir Physikalische Chemie, 


vol. viii, 1891, p. 577). 
may be considered as isomorphous mixtures of pure albite with 
pure anorthite, which correspond to Type I of Bakhuis Roozeboom’s 
theoretical curves for those substances which mix in all proportions. 
In the accompanying diagram (fig. 2, p. 156), wherein the ordi- 
nates represent the temperatures at which fusion takes place, 
and the abscissz the specific gravities of the crystalline substances, 
the upper curve shows the relation between the two, found by 
Messrs. Day & Allen with artificial felspars by the thermo-electric 


method, and the lower dotted curve the relation found by means 
mM 2 
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of the meldometer when using purified natural felspars. This dotted 
curve represents the fusion-point of the glasses formed by melting 
crystals of the given specific gravities: therefore, it is necessarily 
lower than one obtained for the crystalline substances themselves. 
I can in no way account for the wide difference between my results 
and those of Prof. Joly & Mr. Cusack; the purification of the 
eminerals could hardly have so great an effect. 

In using the meldometer, I found it absolutely necessary to 
calibrate each ribbon separately. When this was done, I found 
that no two curves corresponded exactly; and readings from one 
ribbon, if inserted on the curve obtained for another, gave results 
differing widely from those obtained on its true curve. 

The melting-points that I have given are those at which the 
particle appears completely molten, and change of form begins to 
take place. 

The following tabulated list shows the similarity between 
the change of specific gravities of the natural and of the artificial 
felspars, and a comparison of melting-points :— 


| Sp. Gr. Sp. Gr. Melting-point | Melting-point 
of crystal. of glass. of crystal. of glass. 
*2-765 2700 legos Gee a | 
2°750 Geo Wipe no ys 1505° C. 
«2-733 2-648 [Tso Te Bird | 
«2-710 2-590 14.68% Chih) Te. 
| -,2*700 DP SHONg el hal rit 1390° ©. | 
| *2-679 2°533 TANGO. Nails ls peace: | 
Pos PoGRT Tes a a Wee alae 1340°C. | 
| *2660 2-487 Hague Gran vis. | 
| 2-656 ARs wish oh poveacee 1310° C. 
*2-649 2-458 PFA0S CP lh oo racseke 
| 2-625 Cis aaa A ae |  12968° C. 
 -*2:605 FOSHAN Te ete s a) oi Ts | 


Those marked with an asterisk are the chemically-synthesized felspars of 
Messrs. Day & Allen. 


The greatest difficulty met with in using this type of instru- 
ment is that due to the viscosity of the substances examined, since 
there appears to the eye to be no abrupt change between the 
crystal immediately before fasion and the fused substance when in a 
viscous state. Thisis especially the case in minerals which undergo 
a long period of viscosity such as albite; and in such minerals 
deorientation may be withheld for some time, owing to their high 
viscosity. 


1 For a criticism of the two methods of determining melting-points men- 
tioned in this paper, see C. Deelter (5, iii) and A. L. Day & E. S. Shepherd (3). 
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Eutectic Mixtures." 


The relation which undoubtedly exists between saline solutions 
and igneous , magmas is one that bears strongly on all problems of 
petrology. Akerman’, experimenting with silicate-slags similar in 
composition to igneous rocks, has demonstrated that mixtures of 
two given minerals show a distinct lowering of the melting-point, 
the greatest lowering taking place when they are mixed in eutectic 
proportions. This phenomenon is analogous to that observed in a 
saline solution, such as a mixture of salt and water. 

In 1888, in his ‘ British Petrography,’ pp. 401-402, Dr. Teall 
suggested that a micropegmatitic intergrowth of quartz and felspar 
probably represented an eutectic mixture, being the last product 
of consolidation in the rock-magma. 

In dry melts, such as those obtained by Akerman, certain 
minerals are typically absent ; these include quartz and orthoclase- 
felspar. The eutectic proportions of these minerals cannot, then, 
be determined by cooling a molten rock or silicate-slag in the 
laboratory. The only method that appears possible is to deter- 
mine the melting-points of certain mixtures of the two minerals, 
and by this means endeavour to find the eutectic mixture, that is, 
the one with the lowest melting-point. 

From the careful analyses of pegmatites from various localities, 
which have been made by Dr. Teall, Prof. Vogt, and Prof. Lagorio, 
the eutectic proportions have been calculated to be about 70 per 
cent, of felspar with 30 per cent. of quartz. These proportions 
have apparently never been determined experimentally, although 
some years ago Prof. Joly * ascertained that the melting-point of 
micropegmatite was slightly lower than that of orthoclase. 


The following is a brief account of an attempt to find experiment- 
ally the eutectic proportions of quartz and orthoclase by determining 
the melting-points of glasses corresponding in composition with the 
formule OrQ,, OrQ,, OrQ, (eutectic), Or,Q,. These glasses were 
obtained by fusing carefully-weighed proportions of chemically-pure 
artificially-prepared silica and purified orthoclase in the platinum- 
furnace. 

The eutectic proportion, so far as could be observed, showed no 
lowering of the fusion-point ; in fact, there was a gradual rise in 
temperature with the increase in the percentage of silica, showing 
a certain resemblance to Type IV of Bakhuis Roozeboom (8). 

This result cannot, however, be taken as a proof telling against 
the eutectic hypothesis, since the viscosity of the glasses is of so 
high an order of magnitude that it is practically impossible, with the 
comparatively-rapid heating necessary when using the meldometer, 
to determine accurately the point at which melting commences. 


* An excellent summary of recent work on the subject of eutectics is given by 
Prof. H. A. Miers, in his Presidential Address to the Geological Section of the 
British Association, at the Meeting in South Africa, ‘Nature’ vol, Ixxii 
(Aug. 24th, 1905) pp. 408 ez segg. 

2 ¢Die zum Schmelzen yon Schlacken erforderlichen Warmemengen’ Jern- 
kontorets Annaler, 1886 ; also in ‘Stahl & Hisen’ 1886. 
3 See J. J. H. Teall, Quart. Journ. Geol. Soe. vol. lvii (1901) p. Ixxvi. 
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Moreover, the conditions under which a pegmatite must have 
consolidated are entirely different from those obtainable in the 
laboratory. Here, then, the analogy with a saline solution fails. 

In the cooling-down of a magma, the final consolidation of which 
gives rise to less than 70 per cent. of orthoclase, the quartz ought, 
according to the eutectic hypothesis, to be the first to solidify, and 
no orthoclase should crystallize until the composition of the magma 
has reached eutectic proportions. In the granites, however, the 
orthoclase is found to have crystallized before the quartz. This 
must, in great part, be due to the extreme viscosity of the latter and 
to supercooling of the magma, combined with the better crystallizing 
properties of orthoclase. Viscosity is, therefore, the great drawback 
in determining melting-points by the method of direct observation. 

If it were possible to heat the glasses very gradually over a long 
period of time, the eutectic mixture might be seen to melt more 
readily than the others. This, owing to the heating of the 
resistance-wires and consequent diminution of the current, and also 
owing to the injurious effect which long observations of the ribbon 
have on the eyesight, is hardly possible with the meldometer. The 
thermo-electric method, by which Messrs. Day & Shepherd have 
recently determined the eutectic proportions of the lime-silica 
series, is, I imagine, more likely to give satisfactory results. 
Prof. Deelter (5), however, experimenting on mixtures of minerals, 
has found that the melting-points of the mixtures are intermediate 
between the melting-points of the constituents, and concludes that 
there is no evidence that the eutectic hypothesis can be applied to 
molten silicates. The same fact is shown by the results obtained 
with the meldometer, namely :— 


Melting-point of OrQ,............... 1317° C. 
‘s aye a Sel ree mc er en 1292° C. 
. i A MOBO aN cos asiessctiy 1285° ©. 
A oie ORS Clee aga ce sles 1265° C. 
i 4s Or-olass  ..2...04- 1220° °C; 


_ On the other hand, a mixture of orthoclase and albite, in the pro- 
portions of 40 per cent. orthoclase to 60 per cent. albite (which, from 
analyses of cryptoperthites, has been determined as their ‘ eutectic 
mixture’), when fused into a glass and its melting-point compared 
with those of albite- and orthoclase-glasses, yielded the following 
results :— 
Melting-point of albite-glass ............ 1268° C. 
is * orthoclase-glass ...... 1220° C. 
z ns eryptoperthite-glass . 1175° C, 


In this case, then, there seems to be a distinct lowering of the 

melting-point and a correspondence to the fifth curve of Bakhuis 
Roozeboom (8). 
_ Since the conditions which govern the production of eutectic 
mixtures in igneous magmas are so little known, it would appear 
that the construction of apparatus by which a nearer approach to 
plutonic conditions may be attained must be attempted before any 
definite result can be achieved experimentally. 
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In conclusion, I must thank Prof. Sollas for his kind supervision 
with advice in the course of the preparation of this paper. 


Since writing the above, I have received a paper by A. Bygden : 
‘Ueber das quantitative Verhaltniss zwischen Feldspath & Quarz 
in Schriftgraniten ’ Bull: Geol. Inst. Univ. Upsala, vol. vii, 1904—05 
(1906) pp. 1-18: this paper, after giving a short outline of Prof. 
Vogt’s theoretical conclusions on graphic granites, proceeds with an 
account of analyses of various pegmatites, the results of which 
seem to show that these rocks may vary considerably in the pro- 
portion of felspar and quartz which they contain, ranging from 81°71 
per cent. of felspar and 18°29 per cent. of quartz to 62:07 per cent. 
of felspar and 37°93 per cent. of quartz, or in molecular proportions 
from 1:1 to1:2°71. Thespecific gravities of the rocks analysed— 
which were taken by two methods, namely, (1) weighing in air and 
water, (2) by the use of a ‘ Westphal balance’ employing mixtures 
of bromoform and benzol as heavy fluids—seem hardly to corre- 
spond to the mineral composition. For example, two specimens of 
specific gravity 2°58 were found by analysis to have the com- 
positions 1 of felspar to 1:2 of quartz, and 1 of felspar to 2°36 of 
quartz. If, then, pegmatites be found to vary so much in com- 
position, the production of eutectic mixtures must be controlled by 
some, at present, unknown agency. From the presence of water 
included in cavities in the quartz, and the analogy of the silica- 
hydrates, it would appear that water was a dominant factor. 
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Discussion. 


The Cuarrman (Dr. A. Srrawan) commented on the skill with 
which these difficult experiments had been carried out. The 
increase in volume undergone by some of the rocks on passing into 
the glassy condition came to him as a surprise. 

Mr. J. V. Exspew called attention to the Author’s determination 
of the melting-points of various glasses. He believed that it was 
generally admitted that, from a physical point of view, glasses had no 
definite melting-point. They behaved as liquids of high viscosity. 
He would suggest, therefore, that the Author’s figures represented, 
not melting-points, but rather the relative rates of diminution of 
viscosity. . 

Prof. W. W. Warts congratulated the Society on being the 
recipient of an exceedingly-important contribution to experimental 
geology. He called especial attention to the Author’s results with 
regard to the expansion of certain acid rocks, which expanded as 
much as 10 per cent. in passing into the glassy condition. The 
still greater expansion in liquefying would provide an explanation 
of the enormous force developed in volcanic eruptions. 

Prof. Sottas remarked that the extreme lucidity with which the 
Author had communicated his results fittingly corresponded with 
the precision which marked his work as an experimenter. The 
specific gravity of a rock afforded a most important indication as to 
its nature; but hitherto full advantage could not be taken of this, 
owing to the fact that rocks were not all in the same physical state, 
some being glassy, some crystalline, and some both crystalline and 
glassy. To render specific gravity a test of general application, all 
rocks must be reduced to a common state; and, since a universal 
crystalline state was not attainable, recourse must be had to the 
glassy. The Author’s method furnished a simple and accurate 
means of accomplishing this, and should prove of great practical 
value, especially in determining the affinities of volcanic rocks. For 
this reason the reinstatement of Prof. Joly’s meldometer as an instru- 
ment of precise research was especially welcome. The results of 
the Author, and those obtained by Messrs. Day & Allen with much 
more expensive apparatus, were in mutual confirmation. 

The AurHor thanked the Fellows for their kind reception of his 


paper. 
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I. InrRopucrion. 


At the request of the Council of the British Association, I undertook 
to examine the country in the neighbourhood of the Victoria Falls 
of the Zambezi ' River before the meeting of the Association in South 
Africa in the summer of 1905. Through the helpful co-operation 
of the British South Africa Company and the aid afforded to me by 
its officers in Rhodesia, I was enabled to make good use of the short 
time available to me for the task; and by rapid traverses of the 
wild country eastward of the Falls I gleaned much information 
regarding the geology and physiography of this little-known region. 
A preliminary account of the exploration was presented at the 
meeting of the British Association in Johannesburg, and has since 
been published in the ‘ Report’ of that body.” In this account 
the objects of the exploration and the circumstances of the journey 
are stated, and therefore need not be repeated here; but of the 
geological results it was only possible at that time to give a bare 
outline, pending the further examination of the material collected. 
My present object is to deal more adequately with the geological 
evidence. 

The traverses occupied seven weeks in July and August, 1905, 
during which time a distance of over 600 miles was covered, partly 
on the northern and partly on the southern side of the Zambezi, as 
shown on the sketch-map (Pl. XVII), the area embraced within 


1 This spelling is adopted to conform with the usage of the Royal Geogra- 
phical Society, although personally I think that Livingstone’s spelling Zambesi 
should have been retained. 

? Rep. Brit. Assoc. 1905 (South Africa) [London, 1906] pp. 292-301. 
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these traverses being over 2000 square miles. In exploration of this 
kind, through difficult country, where the exigencies of the daily 
march are ever insistent, it is of course rarely practicable to follow 
up the evidence that presents itself. One must usually be content to 
snatch just so much as lies in one’s path; therefore it is inevitable 
that the facts which come under observation will frequently be of 
less consequence than those which remain undiscovered. In my 
attempt in the following pages to give coherence to the collected 
data, | am aware that some of the conclusions rest upon an imper- 
fect basis ; but it may be long before fuller knowledge is accumulated, 
and meanwhile it seems desirable that what we already possess be 
used so far as may be in temporarily bridging the gaps. 

The most serious difficulty in work of this kind arises from the 
absence of a topographical map upon which to record the geological 
observations. In the present case, some parts of our route appear 
not to have been previously traversed by the white man, while 
for the other parts the existing maps are too inaccurate to be of 
much service; and I unfortunately found it impossible, under the 
conditions of our journey, to construct a map adequate to supply 
the deficiency. In plotting the imperfect sketch-map that accom- 
panies this paper, I have had to rely largely upon compass-bearings 
and dead reckoning, taking as a basis the plan of the railway. 

The country which I personally examined, and shall now more 
particularly describe, extends from near the Victoria Falls east- 
ward for about 75 miles to the confluence of the Zambezi with 
its tributary the Deka, and from the plateau north of the Zambezi 
southward for about 70 miles to the head-waters of the Deka. 


Il. Previous Literature. 


Until recently our knowledge of the geology of this part of 
Rhodesia depended upon the casual notes of a few travellers, of 
whom David Livingstone was first and foremost. In his eastward 
march from the Victoria Falls in 1855, and in his later journeys of 
1860, Livingstone went to the northward of the country now to be 
described ; but at one place he turned southward to visit the great 
Moamba [Mamba] cataracts of the Zambezi within its gorge; and 
at this spot only did our expedition touch the track of the great 
explorer. His record of these journeys includes some notes on the 
rocks of the Batoka Highlands,! which are still, so far as I am 
aware, the only published information on the geology of that 
district (see p. 171). 

The best account, even to the present day, of the more frequently 
traversed country south of the Zambezi is that given by James 
Chapman in 1868. Though not pretending to technical knowledge, 
Chapman had an observant eye for the rocks; and much geological 


1 ‘Missionary Travels & Researches in South Africa’ (London, 1857) 
chap. xxvi, p. 534 & chap. xxvii, pp. 542-43 ; and ‘ Narrative of an Expedition to 
the Zambesi & its Tributaries’ (London, 1865) chap. xi, pp. 222-23. 
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information may be gleaned from his descriptions... The writings 
of the numerous later travellers who have recorded their journeyings 
through this part of the country contain no material addition to 
our knowledge of its structure.’ : 

With the beginning of a technical literature within the last few 
years, the geology of the whole region has been placed on a firmer 
basis. Ina paper contributed to this Society in 1903,° Mr. A. J. 
C. Molyneux, F.G.S., described the sedimentary rocks of a broad 
strip of country south of the Zambezi, nearly conterminous with 
the eastern margin of the tract with which I have to deal, and 
evidently related to itinstructure. Ina later paper* Mr. Molyneux 
discussed the geological and physiographical features of the 
Victoria Falls, and showed that the singular chasm into which the 
Zambezi plunges at this spot has been developed by normal erosion, 
and not, as popularly supposed, by a sudden rending of the earth’s 
crust.’ In this paper the term ‘ Batoka Basalt’ is introduced for 
the basic lavas that form the country-rock around the Falls. 


1 «Travels in the Interior of South Africa’ vol. 1i (London, 1868) chaps. 
iv—xi, pp. 83-278. 

_ ? Some scraps may be gleaned from the following :-—‘ Explorations in South- 
West Africa’ by Thomas Baines (London, 1864); ‘To the Victoria Falls of 
the Zambesi’ by Eduard Mohr (Engl. transi. by N. D’Anvers, London, 1876) ; 
‘Seven Years in South Africa: Travels, Researches, & Hunting Adventures 
ete.’ by Emil Holub (Engl. transl. by E. E. Frewer, London, 1881, two 
vols.); ‘How I crossed Africa’ by Major Serpa Pinto (Engl. transl. by 
A. Elwes, London, 1881, two vols.); ‘A Hunter’s Wanderings in Africa’ by 
F. C. Selous (London, 1890); ‘The New Africa’ by Aurel Schulz & August 
Hammar (London, 1897); and later works by Major A. St. H. Gibbons and by 
Col. C, Harding, to which reference will be made in the context. 

3 «The Sedimentary Deposits of Southern Rhodesia’ Quart. Journ. Geol. Soc. 
vol. lix (1903) pp. 266-99. 

* <The Physical History of the Victoria Falls’ Geogr. Journ. vol. xxv 
(1905) pp. 40-55. 

° Although this idea of Livingstone’s was repeated by all later travellers and 
had obtained general currency, it must be remembered that so long ago as 
1865, Sir Archibald Geikie, now our President, had already recognized the 
real character of the Batoka Gorge. In the first edition of his ‘Scenery 
of Scotland’ (Macmillan, 1865), after pointing out that in countries where 
the rainfall is small and frosts trifling or unknown, the rivers will cut 
perpendicular chasms of great’ depth, he remarks :—‘Thus the Zambesi in 

lunging over the precipice at the Victoria Falls enters a gorge 100 feet deep 

the depth originally assigned to it by Livingstone] and only 80 feet broad, 
which runs in a zigzag course for many miles. The river seems to have cut its 
way backward through this winding ravine until, owing to some subterranean 
movement, effecting a change of level, or to some other cause which would 
probably be detected by a geologist on the spot, the body of water in place of 
entering at the top of the ravine has been emptied over one of its sides’ 
(p. 83). And in a footnote on the same page, referring to his examination of 
the model of the Victoria Falls (now in the possession of the Royal Geo- 
graphical Society) which had been prepared from Livingstone’s description, our 
President adds ‘..... In looking at it I was much struck with the re- 
semblance of the so-called “gigantic fissure” to a ravine cut by the action of 
a stream where springs, rains, and frosts have played only a subordinate part.’ 
The foregoing passages were written when Livingstone’s great discovery of the 
Falls was still novel; they were not reprinted in the later editions of the 
book, probably because, after the first flush of interest in the Falls had passed, 
it was felt that this reference to them was not well placed in a description of 
Scotland. 
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An excellent report on the geology of Southern Rhodesia’ by 
Mr. F, P. Mennell, F.G.S., published in 1904, deals more especially 
with the country around Bulawayo, which is illustrated by a 
geological map; but it also contains a general sketch of a much 
wider region, and includes some references to the rocks in the area 
now under description. In this report, and in an earlier paper,” 
Mr. Mennell records the petrographical characters of the Batoka 
Basalts and of other Rhodesian rocks. 

The ‘Proceedings of the Rhodesian Scientific Association’ 
(Bulawayo: vols. i—v, 1899-1905) contain some further information 
respecting Rhodesian rocks, though not directly referring to the 
tract within my traverses. 

In 1904 was published the important work of Dr. 8. Passarge, 
entitled ‘ Die Kalahari,’ * in which all the available data regarding 
the great interior basin of Central South Africa are sammarized and 
discussed. In the light of his extensive personal researches in the 
Kalahari desert between the years 1896 and 1898 while acting as 
mining expert to the British West Charterland Company, Dr. Passarge — 
skilfully brings together the scanty material contained in the records 
of previous travellers, and evolves an admirable interpretation of the 
geological structure and physiographical development of the whole 
basin. Although his bold generalizations frequently rest upon 
slender evidence, and are likely to require much modification, this 
remarkable work enables us to grasp the essential elements and 
probable significance of the structure of this vast territory. Dis- 
regarding the usual geographical limitations of the term, he 
includes within ‘the Kalahari’ the whole region wherein ‘ half- 
steppe’ or ‘semi-arid’ conditions prevail. Thus, Barotseland and 
a wide contiguous tract north of the Zambezi are entitled by him 
the *‘ Northern Kalahari’; and his ‘ Middle Kalahari’ embraces a 
great belt of country south of the Zambezi, extending from the 
inner margin of Matabeleland to the western watershed of the 
continent. ‘The country which I traversed falls therefore within this 
latter division ; and its geological structure is described, and in part 
represented on a geological map, based mainly on the accounts given 
by Chapman and Livingstone. [I shall have occasion frequently 
to revert to Dr. Passarge’s work in the context. 


IIL. Puystcat Fratures. 


Though complex in detail, the broader features of the region 
under examination are simple. Above the Victoria Falls, the 
Zambezi is a wide placid river flowing at an elevation of about 


* “The Geology of Southern Rhodesia’ Special Report No. 2, Rhodesia 
Museum (Bulawayo, 1904) pp. 42, with geological map. 

* ‘Contributions to South African Petrography’ Geol. Mag. dec. 4, vol. ix 
(1902) pp. 356-66 (description of basalt from Victoria Falls and Deka, with 
figure, p. 358). 

3 ‘Die Kalahari, Versuch einer physisch-geographischen Darstellung der 
Sandfelder des siidafrikanischen Beckens’ Berlin, 1904, pp. 822 & Kartenband. 
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3000 feet above sea-level in a shallow valley through a country of 
low relief. This country forms part of the great interior basin of 
South Africa, whose featureless plains extend. far to the northward, 
westward, and southward; ranging through some 20 degrees of 
latitude, from beyond the watershed of the Congo nearly to the 
Orange River; and through 8 or 10 degrees of longitude, from the 
rim of the west-coast slope to the valley of the Limpopo. Except 
around afew clustered ‘island-hills’ (Insel-bergen) the drainage- 
gradients throughout this great basin are peculiarly low, and the 
river-channels are only very slightly incised and present many 
abnormalities. Dr. Passarge gives strong reason for believing that 
the development of this plain has been due to prolonged and re- 
current desert-conditions. That there have been important changes 
of condition as regards rainfall and surface-drainage during and 
since the development of the plain is evident, as Livingstone 
and later travellers have recognized, from the character of the 
superficial deposits; the latest change in this, as in many other 
parts of the world, having been one of progressive desiccation. 
From his investigation of these deposits Dr. Passarge considers 
that at some time previous to the setting-in of the recent desiccation, 
there was a period of exceptional humidity in the region, probably 
contemporaneous with the Glacial Epoch of higher latitudes, during 
which the plain was watered by many rivers and lakes that have 
now disappeared. But before this humid period there was, he 
believes, a time of arid conditions ; and he interprets the evidence 
as indicating also earlier cycles of alternation. 

Whatever its origin, this high-lying basin-plain, for the most 
part deeply sand-covered, with its anomalous drainage-system, 
constitutes the most striking feature in the physiographic structure 
of Southern Africa. 

At the Victoria Falls, however, the broad Zambezi drops in a 
single plunge from this region of low relief; and narrowing into a 
deep and powerful torrent, hurries impetuously towards the Indian 
Ocean, That a large volume of the drainage from the interior 
must long have held this course is proved, as Mr. Molyneux has 
pointed out, by the length and character of the trough which has 
been excavated; the distance from the Falls to the lowermost of 
the great gorges which these inland waters have carved out in 
crossing the high eastern rim of the continent being nearly 600 
miles, besides the further 350 miles of low country that is traversed 
by the river before it reaches the ocean. The antiquity of the 
interior plateau denoted by this great draimage-channel is indeed 
significant. 

The country with which I have now to deal lies around the 
highest of the gorges—the Batoka Gorge, as I have proposed to 
name it. The strange zigzagging chasm just below the Victoria 
Falls, into whose astonishingly narrow gullet the waters of the 
Zambezi are gathered after their shattering plunge, has been 
frequently described. In tracing the river eastward we found that 
the gorge maintained its trench-like character for about 60 miles, 
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and then rather suddenly expanded into a more open valley. The 
geological structure of the country remained unchanged, however, 
up to Makwa’ or Wankie’s Drift, the eastward limit of our journey 
along the Zambezi, several miles below the termination of the 
gorge; where we were still on the same plateau-basalts which we 
had traced uninterruptedly from the Falls. Through its great 
trench the river pours tumultuously, like an overgrown mountain- 
torrent, fretted at short intervals into foaming rapids, and at 
the season of low water in places confined within rock-bound 
gullies sometimes not more than 20 or 30 yards in width; but in 
such places bordered by wide platforms of bare rock, deeply 
indented with ‘ pot-holes, over which the enormously augmented 
stream is poured in flood-time. The difference between the volume 
of the river during low water and during the floods must indeed be 
great; since we saw indications, where the bottom of the gorge was 
narrow, that the river rises at least 50 feet above its dry-season 
level. Itis to the effect of this extreme seasonal variation upon 
certain structural peculiarities of the basalts, presently to be 
described, that the characteristically acute swerves of the river 
within its gorge are to be attributed. 

The Zambezi at the Victoria Falls loses at once 360 feet of 
altitude, but this is only the first great step in its rapid descent; for, 
by the time that it reaches Makwa, after its emergence from the 
Batoka Gorge, it appears to have lost at least a further 800 or 900 
feet.2, And although the basaltic plateau itself declines eastward, 
the river falls more rapidly in this direction ; so that the depth of 
the cafion is increased from about 400 feet near its beginning to 
about 800 feet (by aneroid measurement) at the spot where I 
descended into ita few miles above itstermination. As I have else- 
where discussed the indubitable evidence for the gradual develop- 
ment of the Gorge by erosion, it is needless for me to recapitulate the 
points. The photographs reproduced in Plates X—XTIV, selected to 
show the features of the cafion at different parts of its course, will 
also suffice to illustrate one of these points, to wit, the progressive 
reduction eastward in the steepness of its sides, from verticality 
in the newly-cut portion at the Falls to slopes of 30° or under in 
the older portion which has suffered prolonged weathering. 


1 T have found that so much confusion arises from the repetition of Wankie 
or Wankies as a place-name in the district formerly ruled by the chief, 
Wankie or Tzwanki, that I propose hereafter to restrict the use of the name 
to the place where the coal-mine, railway-station and _ post-office are 
established, and to adopt Major A. St. H. Gibbons’s term, Makwa, for 
Wankie’s Drift or Ferry across the Zambezi. The old chief was much harried 
by the-Matabeli, and had several times to shift the site of his settlement, so that 
there are still three or four places bearing his name. The nomenclature of the 
country, however, at present stands in need of revision in many particulars. 

2 This estimate is based on my aneroid observations; it is borne out by the 
figures given by Mohr (‘To the Victoria Falls of the Zambesi’ 1876, p. 329) 
for the height above sea-level of Wankie’s village [| Makwa|—1680 feet ; and by 
Baines for the level of his camp at Logier Hill—1550 feet (‘The Gold Regions 
of South-Eastern Africa’ London, 1877, p. 187). 
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Another result of the slow recession of the gorge is evident in the 
relation of the tributaries to the main river. On the north, these 
feeders radiate from the Batoka Upland, while on the south they 
mostly hold a north-easterly course at a low angle to that of the 
Zambezi. Above the Falls, the tributaries flow to the Zambezi in 
channels sunk very slightly below the general level of the plateau 
and make their confluence in open estuary-like inlets; but below 
the Falls they are precipitated, before reaching the main river, into 
gloomy chasms that lead into the Batoka Gorge; and these become 
longer in proportion to their increasing distance from the Falls, 
Thus the country bordering the main gorge is slashed by pre- 
cipitous ravines that stretch back farther and farther into the 
plateau as we go eastward, so that a great wedge of exceedingly 
broken country, very difficult to traverse, has been produced, 
expanding eastward on both sides of the river from its apex at the 
Falls. Where the influence of the rejuvenated drainage has been 
longest established, certain of the larger tributary rivers, as for 
example the Matetsi and the Deka, have likewise had time to 
widen out the lower reaches of their valleys, but all sooner or later 
entrench themselves within precipitous canons when traced back 
towards the plateau. ‘Thesame rule appears to apply also far to the 
eastward of the country examined. Thus the Kafue River, a great 
tributary which joins the Zambezi from the north some 220 miles 
below the mouth of the Deka, is described as having a comparatively 
_ sluggish and navigable course for 20 miles back from its confluence ; 
but at the head of this low-level stretch the river tumbles in a 
succession of foaming cataracts for 2 miles through a rugged 
gorge which leads up to the high plateau; and before reaching this 
sharp descent, in which it loses over 1000 feet of altitude,' the 
stream has flowed placidly in a broad shallow channel over the 
undulating plateau for several hundred miles. 

This tearing-down of the high plains at their edges and the 
gradual lengthening of the low-level channels is the ruling factor 
in the physiographical development of the Zambezi basin everywhere 
below the Victoria Falls. Therefore this region may be separated 
naturally into two sharply-marked divisions:—(1) The unbroken 
plateau with mature drainage-features; and (2) the region of 
rejuvenated drainage. In ground-plan the boundary between these 
divisions forms a succession of gradually deepening loops around 
the tributary streams, and, as already mentioned, steadily recedes 
from the main river on both sides as it goes eastward. 

Between the network of gorges that characterizes the second 
division there are irregular patches of flat ground, representing 
fragments of the old plateau; but this country is almost everywhere 
rugged and stony from the ready transport of the surface-products 
of weathering into the gulches by the torrential rains. Where 


1 A. St. H. Gibbons, ‘ Africa from South to North through Marotseland’ 
(London, 1904) vol. i. pp. 65-66 ; and C. Harding, ‘In Remotest Barotseland’ 
(London, 1905) pp. 319-20. 
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not too steep, the ground is covered more or less thickly by scrub 
and low trees, interspersed with a scanty growth of tall harsh 
grasses. At the time of our traverse, in the long drought, the 
streams were dry cr merely trickling, the trees mostly leafless, and 
everything was parched and still; but during the rains (November 
to March), when floods are roaring through all its ravines, this must 
indeed be a turbulent region. 

On the outer fringe of this broken country the strips of original 
plateau between the ravines become broader, and frequently include 
truncated segments of shallow valleys, showing where the youthful 
drainage is destroving the older system. The present streams 
possess similar shallow troughs farther back, where the plateau is 
as yet intact ; and most of these break off suddenly at a deep waterfall 
or a series of cascades, below which the stream is at once engorged, 
like the Zambezi itself at the great Falls. Thus the valleys of the 
upland stand in the relation of ‘ hanging-valleys’ to the low-level 
drainage. 

These shallow troughs of the plateau-streams are generally 
bordered by low slopes of greatly decomposed basalt, and their 
broad floors are covered with dark stiff loam or earthy clay, not 
often exceeding 3 or 4 feet in thickness, apparently derived partly 
from the rotting rock upon which it rests and partly from the dense 
growth of tall rushy grasses which it nourishes. The stream- 
channels along these flats are somewhat canal-like, showing an 
alternation of long narrow pools where the basalt is most readily 
decomposed, with low bars of bare rock where weathering is 
less effective. During the season of drought, water is retained in 
the pools long after the stream has ceased to flow; and further aid 
is thus lent to the decomposition of the rock beneath them, which 
leads to the rapid excavation of deep crevice-like gorges (Pls. X & 
XV & fig. 8, p. 191), often curiously angular, along the rotted belts 
as the rejuvenated drainage breaks back into the plateau. 

The grassy flats are generally bordered by a fringe of well-grown 
trees, while the low stony slopes of the valleys are covered with the 
bushy growth and scanty grasses that overspread the neighbouring 
plateau. But, towards the head of most of the streams, the grassy 
flats of dark earth expand into shallow basins ranging up to a mile 
or two in width and several miles in‘length. These sometimes 
become confluent and lose altogether their relation to any definite 
valley, the loam then thickening and spreading over gentle slopes 
in a manner somewhat similar to the peat of humid climates. The 
dark soil of such tracts is indeed called ‘torf’ by the Boer farmers, 
but in composition it is quite different from peat. In the wet 
season it is a very tenacious clay, which retains the moisture and 
works up into a pasty mud; and during the drought it contracts so 
greatly in drying that the surface is reticulated by gaping cracks 
which are very troublesome to the traveller. Of such tracts I saw 
the most striking examples in the upper basins of the Lukunguli, 
the Matetsi, and the Deka, but they are prevalent throughout the 
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district, especially south of the Zambezi, and appear to be still 
more extensive in the shallow basins of the Kalahari. 
Much of the plateau between these grassy depressions is covered 


iting the general features of the plateau. 
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[1 = Batoka Basalts ; 2 = Kalahari Sand.] 


deeply by rusty-red sand, occurring 
usually in broad gentle swells or 
‘bults, which may be a mile or 
more in width and many miles long. 
These sand-bults occur on both sides 
of the Zambezi, but their propor- 
tionate area increases southward as 
the plateau merges gradually into 
the true Kalahari. From their 
capacity for retaining moisture these 
sands nourish taller trees and more 
vigorous vegetation generally than 
the rocky portions of the plateau. 
They are equivalent to the ‘ Kalahari 
Sand’ of Dr. Passarge, and must 
have been accumulated under cli- 
matal conditions very different from 
the present (see p. 201). 

On flat ground where the sand is 
absent the surface is for the most 
part thinly covered witha firm, rusty, 
lateritic soil derived from the basalt, 
through which protrude many blocks 
of partly weathered rock. In some 
places this soil, like the well-known 
laterites of India, is full of small 
hard pellets or ferruginous concre- 
tions, about the size of peas. 

The appended diagram (fig. 1) 
will serve to illustrate the physical 
features which we found to be con- 
stantly repeated in traversing the 
plateau along the margin of the 
newly-dissected country. 

There is a decided fall of the 
surface of the plateau towards the 
Zambezi both from the north and 
from the south, which appears’ to 
reflect its original structure; and the 
gradual sinking of the country east- 
ward until the Deka is reached is 
probably also structural. Hence the 
course of the Zambezi may roughly 
coincide with an original depression 


in the plateau, which has, of course, been greatly accentuated by 
long-continued erosion. 
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LTV. GroLocgicaL- StRUCTURE. 


The main features in the geology of the region, so far as these 
are known to me, are broadly outlined, without pretence to 
accuracy in detail, in the accompanying sketch-map and sections 
(Pl. XVII). On this map the following rock-systems are repre- 
sented :— 

(5) Kalahari Sand, with Chalcedonic Quartzite, etc. 
(4) Flaggy Sandstone of Boomka=? Forest Sandstones (Molyneux). 


(3) Batoka Basalts. 
(2) Wankie Sandstones and Coal-measures=Matobola Beds and 


(?) Escarpment-Grits of Molyneux. 
(1) Fundamental Complex (granite, schist, etc.). 


From the map and sections it will be seen that the great floor of 
ancient metamorphic and intrusive rocks, presumably pre-Paleozoic, 
which underlies the whole region and emerges around the rim of the 
interior basin of Central South Africa, is deeply buried under newer 
rocks in the portion of the Zambezi basin included within my 
traverses. Except at one point, 3 or 4 miles south of the Wankie 
coal-mine, at the extreme south-eastern limit of my journey, I gained 
no opportunity for examining these oldest rocks in situ. The 
overlying Matobola Beds or Rhodesian coal-measures I examined 
in some detail, in their outcrop between the Wankie mine and the 
Deka River; but elsewhere my routes lay almost entirely over the. 
basic lava-flows which constitute the Batoka Basalts, or over the 
superficial detritus by which these basalts are partly covered. 


(1) The Fundamental Complex. 


From Livingstone’s mention ' of the presence of granite in the 
upper part of the Kalomo river-basin, and of gneiss and mica-schist 
dipping away respectively westward and eastward from this 
eranite-mass, we could surmise with some confidence that the 
Tijarida Hills, which rose within easy sight to the north-east of us 
after we crossed the Kalomo on our route north of the Zambezi, are 
composed of the ancient rocks ; and I was disappointed not to find 
the southward prolongation of this mass within our traverse. The 
shape of the ground indicated that the basalts did not extend to 
these hills (which for a time were not more than 10 or 15 miles 
distant from us), but that at least in one place the volcanic rocks 
ended off in a low escarpment fronting the hills. The only positive 
evidence, however, that I obtained in this quarter respecting the 
rocks to the northward of the basalts was from the detritus brought 
down by the Kalomo and two other south-flowing streams farther 
eastward, the Namaruba and the Gwemanzi. West of the Kalomo 
River I had found no trace of any rocks other than basalt and the 
later chalcedonic quartzite in the stream-beds; and it was therefore 


1 ¢Missionary Travels & Researches in South Africa’ 1857, chap. xxvii, 


pp. 542, 543, & 548. 
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pleasing to find a pebble or two of grey granite in the stony flood- 
bars of this river, along with much mica, felspar, and pink quartz 
in its sand-banks. I may here mention also that among the larger 
blocks strewing the same river-bed were some masses of red basaltic 
breccia full of scoriaceous and bomb-like inclusions, more like a true 
eruptive breccia than any portion of the basaltic series in situ that 
came under my notice. 

In the next stream, the Namaruba, a few miles farther east, 
extraneous pebbles became very numerous, varied, and of large size, 
nearly one half of the stones being other than basalt ; and not only 
was there a varied assortment of igneous rocks among these, 
including pink and grey granites, pegmatite, syenite, gneissose 
schist, etc., but also many fragments of coarse reddish and grey 
‘sandstones and pebbly grit. This gravel was not confined to the 
stream-bed (a shallow trough on the plateau), but was also scattered 
plentifully over the slopes and eastward over a low watershed into 
‘the deeper valley of the Gwemanzi, 2 or 3 miles farther east. It 
is, therefore, a little uncertain whether the streams derived the 
material directly from outcrops of rock in their higher reaches, or at 
second hand from an ancient river-gravel ; but in either case the 
source must have lain to the northward, and at no great distance. 

The sandstone-fragments must, I think, imply the presence of 
a belt of sedimentary rocks to the northward, between the Batoka 
Basalts and the ancient massif; and this inference receives support 
from other scraps of evidence, notably from the reported discovery 
of coal-bearing deposits in the country between the Victoria Falls 
and Kalomo. Judging from the conditions observed in the Wankie 
coalfield (see Section 2 of Pl. XVII) and from the resemblance of 
the sandstone-fragments to the sandstones and grits associated with 
the Wankie coal-measures, it is probable that these sedimentary 
deposits north of the Zambezi rest directly upon the ancient 
complex, and are themselves overlain by the basalts; but the 
junctions may, of course, be affected by faults of which I have no 
knowledge. As the railway has, since my visit, been carried north- 
ward past Kalomo to the Kafue River and beyond, we may expect 
ere long to obtain more definite information regarding the geology 
of this region ; and meanwhile I have ventured to draw the hypo- 
thetical boundaries shown on the map, interpolating the Wankie 
Series between the Batoka Basalts and the Fundamental Complex, 
as an indication of the present state of our knowledge, and as 
an incentive to anyone who may find opportunity of proving its 
inaccuracy. 

If we turn now to the country south of the Zambezi, we shall 
find that, on the strength of a statement by Chapman,’ Dr. Passarge 
has inserted on his map ° an inlier of the ancient rocks, surrounded 
by the basalts, near the head of the Deka river-basin. With the 
hope of learning in this quarter something of the rocks underlying 


1 «Travels in the Interior of South Africa’ vol. ii (1868) p. 212. 
2 «Die Kalahari’ 1904, Kartenband, Blatt ii. 
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the Batoka Basalts, I made a long journey to the place indicated, 
at the site of the old hunter’s camp known as Deka; but 
with disappointing results. The basalts were still the lowest rocks 
visible there; nor could I detect in the surrounding featureless 
country any indication that promised change, or any trace of rocks 
other than basalt and chalcedonic quartzite in the scanty detritus 
of the stream-beds. To the southward of this place the shallow 
depression which constitutes the head of the Deka basin appeared 
to merge almost imperceptibly into the great wilderness of the 
Kalahari; and although, in such a country, it is easily possible 
for one to miss a vaguely-defined locality, the impression was 
strongly borne in upon me that the search was hopeless, and that 
in this quarter the Batoka Basalts are prolonged without inter- 
ruption south-westward under the superficial desert-formations of 
the Kalahari. It may be that Chapman’s observation ‘near the 
source of the Luluesie (Daka)’ of ‘a vertical stratum of sandy 
schist’ (op. cet. pp. 212-13) refers to some place farther eastward, 
where a prolongation of the boundary-fault of the basalts is likely 
to occur; or it may refer only to the thin sandy flags, presently 
to be described, that were seen to overlie the basalts in a limited 
tract north-west of Deka (p. 196). 

At the one locality, some 3 miles south of the Wankie coal- 
mine, where, as previously mentioned, I gained a glimpse of the 
old rocks, they emerged from beneath the Wankie Series in the 
manner shown in Pl. XVII, Section 2. The exposure occurred in a 
rugged gully eroded through the sandstones, at the foot of a high 
steep ridge which my friend and guide, Mr. J. M. Kearney, Manager 
of the Wankie Mines, has since ascertained to be also composed 
‘of sandstone. 

In this gully, the rocks which came within reach of my hasty 
examination (with night approaching, and no chance to revisit the 
spot) were a schistose quartzite and a highly sheared coarse- 
textured rock resembling a conglomerate with crushed pebbles 
of felspar, but possibly a much-deformed pegmatite. Judging 
from a rough sketch-map accompanying an engineer’s description of 
the Wankie coalfield published in 1902,! this exposure probably 
forms the western end of a long spur jutting out from the main 
mass of the ancient igneous and metamorphic series lying to the 
south-east in the region described by Mr. F. P. Mennell.’ 


(2) The Wankie Sandstones and Coal-measures. 


During a stay of four days at the Wankie coal-mine, I was 
enabled, through the facilities afforded to me by the kindness of 
Mr. J. M. Kearney and his staff, to make three traverses of the 
sandstone-country between the railway-line and the Deka River, 


1 Anon. ‘ Colliery Guardian ’ vol. Ixxxiii (Feb. 21st, 1902) pp. 390-92. 
2 «The Geology of Southern Rhodesia’ Special Report No. 2, Rhodesia 
Museum, Bulawayo, 1904. 
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up to the margin of the Batoka Basalts. My foremost object was 
to determine the character of the junction between the basalt and 
the sandstone-series ; but in doing this I obtained some imondedge 
of the structure of this coalfield. 

The engineer’s report above cited contains a rough diagrammatic 
section across the field, and some details respecting the succession 
of the coal-measures. The Wankie coalfield is referred to, but not 
described, by Mr. Molyneux in his paper on ‘The Sedimentary 
Deposits of Southern Rhodesia’'; and he classes these deposits, 
along with those of other Rhodesian coalfields, under the term 
Matobola Beds. Mr. Molyneux seems, however, to have had in 
mind the probability that the next higher division of his scheme 
of classification—the ‘ Escarpment Grits ’—was likewise represented 
in the district *; and I think that this is indeed the case. 

Athough no fossils had been found in this field, Mr. Molyneux 
obtained some paleontological evidence from other areas in favour 
of the ‘ Permo-Carboniferous’ age of the Matobola Beds, which thus 
fall into line with the coal-bearing deposits of the Transvaal and 
Natal. Some ill-preserved plant-remains which I collected near 
Wankie lend support to this conclusion. 

The series developed around Wankie consists mainly of massive 
irregularly-bedded sandstones, generally coarse in grain and some- 
times rough and pebbly, with subordinate beds of micaceous sandy 
shale, clay-shale with ironstone-nodules, carbonaceous shale, and coal. 
The fine-textured deposits are subject to rapid changes laterally, 
but on the whole tend to occur as a middle division between the 
massive and more persistent sandstones.* ‘These softer middle beds 
are well exposed in the hollow in which the coal-mine is situated, 
while the rugged kopjes to the north and south of it reveal under- 
lying and overlying sandstones. The beds frequently swing into 
broad dome-shaped undulations, but dip as a whole northward. 

The succession across the hollow about a mile south-east of the 
mine is shown in Section 2 (Pl. XVII); and 44 miles farther west, 
near the old Falls road, the sequence is as in Section 3 (Pl. XVII). 
On traversing the intervening ground, my impression was that these 
two sections were complementary, the base of the second (No. 3) 
being stratigraphically a little above the top of the first (No. 2); 
but my examination was not sufficiently close to eliminate the 
possibility of duplication by cross-faulting, which is suggested by 
the points of resemblance in the sections. 

The curious ferruginous crust on the upper surface of some of the 
massive grits where these are overlain by shale, and the local 
induration of the top of the grit beneath this crust into quartzite, is 
noteworthy, as alteration of similar type appears to be still in 


* Quart. Journ. Geol. Soc. vol. lix (1903) p. 281. 

2 Ibid. table on p. 278. 

* In the general section given in the report published in the ‘Colliery 
Guardian’ vol. lxxxiii (1902) p. 392, three main sandstones are recognized, and 
are respectively named ‘ Upper, Middle, and Lower Grits.’. 
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progress among the superficial formations of the plateau. The 
thin band of peculiarly indurated shale, apparently silicified, 
upon the lower sandstone in the second section (Bed 4, Section 3) 
is probably a further result of the same process. Another rock 
of unusual aspect associated with this sandstone is the ferruginous 
claystone, which is sprinkled with concretionary spherules of deep-red 
hematite, about the size of large oolite-grains and having a radial 
structure internally. | 

In colour, the sandstones vary from dull-red to pale yellowish- 
grey, the paler tints predominating. While some beds are marked 
by distinctive tints, there is also in places a mingling of the red 
and grey tints in the same bed. Both in colour and texture, these 
sandstones recall the characters of the familiar English Bunter 
Sandstones; and the likeness becomes accentuated in the pebbly 
beds occurring in the higher part of the series, the pebbles having 
the same thoroughly rounded outlines and the same scattered 
distribution as in the pebbly sandstones of the Bunter. This 
similarity I noticed especially in the steep kopje at "Mtoro’s Kraal. 

The thicker sandstones are strongly jointed, one set of joints 
striking east-and-west like those of the basalt-country, with other 
cross-joints striking approximately north-and-south. In the 
stream-beds, the rock is sometimes eroded along these joints into 
deep crevices; as, for example, in a dry stream-bed 3 or 4 miles 
west of Wankie, where one crevice of this kind, which crosses the 
stream-bed at right angles, is 8 or 10 feet deep and not more than 
2 feet wide. On the top of the kopjes, these jointed sandstones 
often weather into huge blocks of fantastic outline; and in the 
precipitous krantzes the scaling away of the rock along the joints 
gives a botryoidal aspect to the exposures. 

From the remarkable scantiness of superficial covering, which 
characterizes the whole region except in the sand-bults and loam- 
flats, the sandstones crop out in many places in absolutely bare 
platforms of wide extent, but with numerous bushes and trees 
rooted in the crannies; and in this manner the weathering and 
subsequent erosion along the crevices is evidently facilitated. 
One of these bare platforms, about a mile east of Wankie, was 
curiously pitted with hollows, and also contained, embedded in its 
surface, a few small lumps of silicified wood, not rooted like trees 
but looking as if derived in their present condition from some older 
deposit. The pittings appeared to be the casts of similar lumps 
which had been removed. 

Some blocks of silicified wood of the same character were found 
lying loose, along with a sprinkling of quartz-pebbles, on the 
surface of the basalt adjacent to a bold ridge of sandstone, in the 
Deka basin, 6 miles east-north-east of our Bumbusi camp, one 
being a segment of a stem 15 inches in diameter, showing a well- 
marked core; and these blocks, like the accompanying pebbly 
detritus, have no doubt been derived from the sandstone. 

Near the place where the lowermost sandstones abut upon 
the previously described spur of ancient schistose rocks south of 
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Wankie, I noticed a few rounded boulders of schistose quartzite, 
up to 8 or 10 inches in diameter, embedded in the sandstone ; 
but I did not, at the time, appreciate the suggestiveness of the fact 
as a possible indication of the horizon of the Dwyka Conglomerate. 
I must be content, therefore, to throw out the hint, in the hope 
that it will attract the attention of some future worker to this 
place. 

In the carbonaceous sandy shale (Bed 3 of Section 2) exposed at 
the Wankie railway-station and in a bank near the entrance to the 
mine, obscure fragments of plants are abundant; while in the shale 
forming the roof of the mine, Mr. Kearney pointed out to me some 
crushed reed-like stems measuring several feet in length, and 3 or 
4 inches in breadth; but all were too imperfectly preserved for 
determination. 

I obtained rather better specimens, however, from a brown silty 
shale in the section 44 miles west of Wankie (Bed 5 of Section 3) 
exposed in a little gully between the old wagon-road and the 
railway, here running within 100 yards or so of each other. Among 
these specimens, Prof. A. C. Seward has recognized fragmental 
Vertebraria; and if this fossil is, as supposed, the stem of G'losso- 
pteris, it confirms Mr. Molyneux’s correlation of these measures. 

In the character and predominance of the sandstones; in the 
prevalent sandiness of the shales; and in many other features, these 
deposits differ greatly from our British Coal-Measures, and indicate 
very different conditions of accumulation. 

The grounds on which a belt of the Wankie Series is med on 
the map (Pl. XVII) to the northward of the basalts have already 
been stated (p. 172) and require no further discussion. 


The Deka Fault. 


On finding that the monotonous basalt-country, after sinking 
steadily eastward, came at last to an abrupt termination at the foot 
of the steep hill-range of sandstone and quartzite bordering the 
southern side of the Deka Valley, my first impression was that 
the Batoka Basalts had shelved underneath the sandstones; and, 
although there were difficulties in the interpretation, it was with this 
idea in mind that I reached the Wankie coalfield. But the idea 
became untenable when I ascertained that metamorphic rocks, and 
not the basalts, emerged on the south from beneath the coal-series. 
Returning to the Deka, therefore, to make further examination, I 
soon obtained clear evidence that the junction was in truth a line 
of faulting, the actual fault being well exposed in the river-bed 
near the Deka railway-bridge, within a mile below the place where 
I had first crossed the junction. By another journey northward 
from Wankie to the Deka, at the confluence of its tributary the 
Rondulu, some 7 or 8 miles lower down the valley, I was enabled 
again to intercept the fault, which was here even more strikingly 
displayed. It then became evident that a faulted junction of the 


Fig. 2.—Sketch-plan showing the loop of the Deka River at the great 
fault, near the confluence of the Rondulu River. 


[Scale: 1 inch=1 mile.] 


The ridge of pebbly sandstone rises 500 feet above the river, and forms high 
cliffs at the bend. The rock, altered to quartzite and much shattered and 
veined, plunges steeply as it approaches the fault, which is well exposed 
in the bed of the river, and also in the Rondulu stream-bed. 


Fig. 3.—Skeich-diagram of the fault along the Deka River, about a 
mile below the railway-bridge, looking north-eastward. 
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sandstone and basalts which I had previously noticed at "Mtoro’s 
Kraal, 8 or 10 miles west-south-west from the Deka railway-crossing, 
lay approximately upon the opposite continuation of the same fault- 
line, although I had at the time thought it of slight consequence. 

My personal knowledge of the faulted belt thus embraces a 
distance along its direction of 16 or 18 miles; but there is evidence 
that it is much farther prolonged in both directions, and is a 
structural feature of prime importance in the geology of the region.’ 
The phenomena associated with it are also of sufficient interest to 
deserve particular description. 

In the segment that came under my observation, the strike of 
the fault is from west-south-west to east-north-east. For a long 
distance its course coincides very closely with that of the Deka 
valley : not, however, that the valley is a fault-trough, but because 
of a secondary effect presently to be discussed. It was long ago 
observed by Chapman, whose testimony should in itself have led 
one to suspect the faulting, that— 


* «The Luluesie or Daka River is the limit of the basaltic rocks, presenting 
formidable cliffs of red sandstone, while the western banks have at intervals 
mural cliffs of basalt, and thus throughout the whole distance which I traversed 
(upward of 80 miles), I have seen no red sandstone west of the Luluesie, nor 
basalt east of it, excepting only in the banks where the river, by an abrupt 
bend, has encroached on either side a little.’ ? 


Some details of the fault at the places where I had the best 
opportunity for examining it, north and west of Wankie, are shown 
in the plan (fig. 2, p. 177) and diagrammatic sketch (fig. 3), and in 
Section 3 of Pl. XVII. Its course and probable prolongation are 
represented on the map; but in this I have been greatly hampered 
by the uncertainty of the topography, especially with respect to the 
position of the localities in the upper part of the Deka basin, between 
Deka and ’Ngoni’s Kraal, which may be several miles from their 
true bearings on the fixed position of Wankie. 

The fault affects in a striking manner the sandstones which abut 
upon it. In all the places that I examined, except in the transverse 
valley of the Rondulu River, these sandstones are of the red coarse- 
grained or pebbly type, and appear to belong to the ‘ Upper Grits’ 
of the Wankie Measures, as indicated in Section 3 (Pl. XVII). In 
some places (fig. 3, p. 177) these sandstones plunge steeply as they 
approach the fault, and are not only greatly crushed and contorted, 
but are also converted into quartzite and much veined with quartz 
and hematite, thus producing a highly indurated belt bordering the 
dislocation. : 

The basalts are also affected, but in an opposite manner, the 
altered rock along the fault yielding more readily to the weather 


* Since the above was written I have received a letter from my friend Mr. 
Kearney, in which he informs me that he has recently traced the fault south- 
westward for 30 miles, from Wankie to Bumbusi, and finds its course to be 
parallel with the road that I followed and sometimes within a few hundred yards 
of it, as I had suspected (see p. 181). 

2 «Travels in the Interior of South Africa’ vol. ii (1868) p. 213. 
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than does the unaltered basalt. Thus there has sprung into 
existence a range of high kopjes marking the course of the 
indurated sandstone, with lower ground on the one side due to the 
more rapid disintegration of the unaltered sandstone, and on the 
other side due to the decomposition of the basalts. At the same 
time, as a whole, the basalts are less enduring under the African 
climate than even the unaltered sandstones, so that there has been 
relatively a general lowering of the country on the basalt side of the 
fault. The presence of a few high flat-topped kopjes of approxi- 
mately equal elevation on the opposite sides seems, however, to 
indicate the former existence of a plateau, before the initiation of 
the present drainage-system, on which there was no conspicuous 
feature to mark the fault; and this condition should be borne in 
mind in any attempt to trace the fault south-westward into the 
unbroken plateau beyond the head of the Deka basin. 

The effect of the fault upon the course of the Deka River now 
requires notice. As previously mentioned (p. 173), the upper 
portion of this river, so far as it came under my observation, lies 
wholly within the basalt-country, the two main branches of its head- 
waters, which unite a short distance below Mr. Geise’s ranch at Deka, 
having shallow channels on the surface of the plateau, while below 
their confluence the valley is still sunk but little below the general 
level of the hummocky plain of basalt. This open valley is 
continued for many miles ; but afterwards gives place to a steep-sided 
gorge, the change setting in somewhere between 25 and 35 miles 
east-north-east of Deka, in a portion of the river-course which I was 
not able toexamine. ‘This steep trench where we struck into it near 
*Ngoni’s Kraal was still entirely within the basalts, though the 
high kopjes of sandstone marking the great fault ran almost 
parallel with the canton within 2 or 3 miles to the south. About 
a mile above the place where the railway crosses the Deka, the 
river swings up to the foot of the sandstone-kopjes, but rebounds © 
from them in a sharp curve; and in this neighbourhood the valley 
has lost for a time its cafton-shape, through the disappearance of its 
north-western or basaltic wall. Immediately below the railway- 
bridge, the river runs for nearly a mile almost exactly along 
the junction between the two rocks, as shown in fig. 3 (p. 177), 
once or twice impinging upon the hardened sandstone, but 
swinging off sharply again as if rebounding from the impact, and 
finally sweeping away northward into the Paealineountay: 4 in a bold 
curve 

These phenomena are repeated almost cay near the Rondulw 
confluence, 7 or 8 miles farther down stream, where the river returns 
with a south-easterly course from its incursion among the basalts, 
and again impinges upon the fault, managing to carry one sharp 
loop of its bed just within the sandstone-boundary before being 
driven off again into the basalts (see fig. 2, p. 177). 

The presence of several low streamless ‘ poorts’ or cols gapping 
the high ridge on the sandstone side of the fault suggests that the 
river may at some past time have broken through the belt; but 
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whatever its original course may have been, its present direction 
is clearly determined by this hard barrier. 

Nor is the influence of the fault likely to be confined to the 
Deka valley, for it is highly suggestive that the great northerly 
bend of the Zambezi itself east of the Deka confluence should 
coincide very closely with the position and direction which this 
fault will have if prolonged north-eastward. That it is indeed thus 
prolonged is supported by travellers’ records regarding the Gwai 
River near its confluence with the Zambezi: from the descriptions 
of Chapman’ and Mohr’ we gather that the sombre gorge of the 
Gwai at some little distance above the confluence is eroded through 
massive sandstone, while the great trough of the Zambezi between 
the mouths of the Gwai and the Deka appears, from the accounts 
given by Chapman ® and Major A. St. H. Gibbons,* to lie within the 
basalts; and the following sentence seems to show that Chapman 
struck the actual fault-line at a short distance south of the 
Zambezi :— 


“A little valley coming into the Gwai, half a mile north of this [referring to 
the place where he reached the Gwai], seems to be the dividing point of the 
large square blocks, layer on layer, of hard red sandstone.’ (Op. cit. p. 193.) 


Furthermore, I am inclined to think that we have some evidence 
suggesting the continuation of the fault to the north-eastward far 
beyond the Gwai. In his account of the sedimentary rocks of 
‘Southern Rhodesia, Mr. Molyneux describes, under the term of 
‘Sijarira Series,’ a great series of quartzites, indurated shales and 
current-bedded sandstones which form a bold hill-range (the Sijarira 
Range) overlooking the Zambezi flats some 70 or 80 miles east of 
the Gwai.? These deposits he believes to occur beneath the 
Matobola Beds (coal-measures), which are supposed to rest upon 
them in strong unconformability. Mr. Molyneux several times 
makes particular reference to the evidence for crushing, faulting, 
and induration in the ‘ Sijarira Series’; for example, he remarks:— 


‘Where the quartzites or indurated rocks occur, it may often be noticed that 
there is a fault-fissure or displacement, and the axes of these movements take 
a north-easterly direction, or at right angles to the dip. Thus at Chongolo the 
rocks are indurated on either side of a dyke of shale-and-sandstone crush-breccia. 
At the Lubu are parallel dykes of erush-breccia, made up of angular blocks of red. 
sandstone, cemented by secondary white silica ; and at many other localities it 
is noticeable that movements have taken place along lines following a north- 
easterly direction, and have crushed the rocks into angular fragments, now 
cemented together.... 


1 «Travels in the Interior of South Africa’ vol. ii (1868) pp. 193 & 212. 

? “To the Victoria Falls of the Zambesi’ 1876, pp. 297 & 302. : 

3 ‘Travels in the Interior of South Africa’ vol. 11 (1868) p. 191. The rocks 
‘of a stratified or laminated appearance, externally very black, and internally 
yellowish-brown, are probably the curious platy basalts presently to be described 
(see p. 193). The rocks containing agates, and those of ‘a scaly appearance, like 
the scales of a bulb or onion,’ are evidently basalts. 

4 ¢ Africa from South to North through Marotseland ’ vol. i (1904) p. 93. 

> Quart. Journ. Geol. Soe. vol. lix (1903) pp. 269-79, & sections, pl. xix. 
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‘The regional alteration extends for some distance on either side of these 
lines of breccia, and the indurated rocks, resisting erosion better than the 
unaltered loose-grained sandstones, consequently form the core of the ridges, 
hills, and mountains of this part of the country.’ * 


_ Now, when the Deka Fault is plotted on the map, its prolongation, 
so far as the present indefiniteness of the topography enables one 
to judge, will be found to fall very nearly along the escarpment of 
these Sijarira Quartzites as mapped by Mr. Molyneux; and I strongly 
suspect that the lines of disturbance described in the foregoing 
extracts represent the north-eastward continuation of the fault. 

Moreover, the phenomena are so closely analogous to those which 
T observed in the Deka Valley, that I shall venture to suggest that 
the ‘Sijarira Series’ may be only the ‘ Matobola Beds’ contorted 
and altered along this great belt of disturbance.* In the present 
state of our knowledge, this suggestion must of course be merely 
conjectural; but it appears to fit most of the facts contained in 
Mr. Molyneux’s description of the ‘Sijarira Series’ and of the 
relations of this series to the underlying gneissose rocks and to the 
Matobola Beds. 

If the Sijarira disturbance proves to be no other than the Deka 
Fault, the sandstones, etc. of the Zambezi Flats on its north-western 
or downthrow side will represent some portion of the Matobola 
Beds of the plateau; and the steep northern face of the Sijarira Range 
will approximately mark the fault-scarp. This reading is, I think, 
in accordance with our present knowledge—scanty, it is true— 
respecting the geology of the middle reaches of the Zambezi. 

Even if the Sijarira disturbance be not the direct prolongation of 
the Deka Fault, it must certainly belong to the same fault-system; 
and we may recall, too, that the strike of this fault-system is 
approximately parallel to the major axis of elevation in the ancient 
complex farther eastward pointed out by Mr. F. P. Mennell.° 

As regards the prolongation of the Deka Fault in the opposite — 
direction, up the Deka Valley, there is no doubt that its course was 
marked by the range of craggy sandstone-kopjes on the southern 
margin of the Deka basin, which we gradually approached after 
leaving Bumbusi on our march to ’Mtoro’s.t Farther south-west 
this feature evidently dies away into the plain of the Kalahari, where 
it is perhaps hopeless to expect that the fault will be traceable. 

From my examination of the fault itself at the places accessible 
to me I could gain no evidence as to the amount—or even as to the 
direction’—of downthrow, owing to its effective severance of the 


1 Quart. Journ. Geol. Soc. vol. lix (1903) pp. 279-80. 

2 On suggesting this possibility to Mr. Molyneux in the course of our 
correspondence during the preparation of this paper, Iam pleased to find 
that he regards it as quite worthy of consideration. 

3 *The Geology of Southern Rhodesia’ Special Report No. 2, Rhodesia 
Museum, Bulawayo, 1904, pp. 8-9 & fig. 1. 

+ See footnote on p. 178. 

> The breadth of the crushed belt obscured the hade of the fault in the 
sections that I examined ; but in two places—at the bend of the Deka east of the 
Rondulu confluence (fig. 2, p. 177) and in the kopje a mile below the railway- 


182 _ MR. G. W. LAMPLUGH ON THE [May 1907, 


country into basalts on the one side and sandstones on the other, 
leaving no link between them. One is hampered also in attempting 
an estimate by the uncertainty as to the thickness of the basalts, 
regarding which we know only that it must exceed 1000 feet; but 
by how much, it is impossible at present to conjecture (p. 195). 
Considering their total disappearance from the high ground on the 
opposite side of the fault together with the probable depth to 
which their base is sunk on their own side, it is not likely that 
their downthrow at the fault is less than 2000 feet; and it may be 
very much more. The fact that all the basalts should have perished 
from the upthrow side and that the country should have been planed 
down to its present condition on both sides, denotes considerable 
antiquity for the fault. 

It will be noted that this great dislocation throws inward towards 
the centre of the continent, and may therefore have lent aid in the 
construction of the interior basin of the South African plateau. 


(3) The Batoka Basalts. 


_ Under any conditions, large areas of plateau-basalt are somewhat 
monotonous deserts to the stratigraphical geologist, and such to 
me the Batoka Basalts proved. During our long treks over their 
surface, [ gleaned but scanty information on many essential points ; 
for which, perhaps, the necessity of following a definite route 
through the wild country may be partly responsible. Thus I 
nowhere saw their true base, nor did I find any recognizable vent 
from which these old lavas were poured; and, what is still more 
regrettable, I did not light upon any intercalated sediments such as 
the previous descriptions had led me to expect. 

The Batoka Basalts present the usual characteristic of basic lavas, 
in maintaining great unitormity of composition over wide areas. 
All the varieties that were found may be included under the term 
olivine-dolerite, used in its wider sense. When massive, they 
form dark-blue heavy rocks, varying somewhat in the size and 
relative abundance of their crystalline constituents, and still more 
in the degree of development of a vesicular or amygdaloidal 
structure and in the composition of the amygdules. Stratigraphically 
these basalts present the usual trap or step-like features, due to the 
intercalation of thick bands of the more massive rock with thinner 
bands of less durable vesicular breccias which mark the under and 
upper surfaces of individual lava-flows. This structure is often excel- 
lently brought out by weathering in the walls of the cations and along 
the broken edges of the plateau, the hard bands protruding in bold 
scarps or ‘krantzes,’ and the slaggy breccias breaking down into 
inclines. 


bridge (fig. 3, p. 177)—the shattered sandstones seemed slightly to overhang 
the basalt, though with very little departure from verticality. I saw no 
indication of overthrusting, however, and do not think that the dislocation is 
actually a ‘reversed fault,’ though the basalts may perhaps in places have sunk 
slightly under the edge of the sandstones. 
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At the Victoria Falls, the section in The Chasm reveals at least 
four massive beds, in thickness ranging from 40 feet to 80 or 
100 feet, with intercalated breccias which show lateral variation in 
thickness from a few feet to 30 feet. It was observed, in excavating 
one of these breccias for the foundation of the railway-bridge on the 
western side of the gorge, that the rock though hard at the surface 
was comparatively soft within, the surface-induration being no 
doubt caused by mineral deposition from evaporating moisture—a 
condition of common occurrence throughout the region, especially 
in the more porous rocks. 


The Breccias. 


The breccias, which are usually red or pale ashy-green, vary 
greatly in texture as well as in thickness, swelling out occasionally 
into huge bosses of coarse agglomerate, in which some of the 
. masses are vesicular and ‘bomb *-like. I kept in mind the possi- 
bility that some of these might. indicate the position of eruptive 
vents or ‘ necks,’ but failed to detect any instance where this origin 
could be proved. In the bottom of the gorge at the confluence of 
the Songwi, 6 or 7 miles below the Victoria Falls, a thick mass of 
breccia, composed in part of huge angular blocks, was well exposed 
on the flood-platform of the river, and rose up at one place in crags 
over 30 feet high. This, at first sight, suggested a small vent; but 
the mass could be traced as a definite band in the adjacent cliff, and 
was there underlain by the sheet of dense basalt which extended 
across the floor of the gorge; and there was no sign that this basalt 
was anywhere pierced by the breccia. The absence of any other than 
basaltic fragments from all the breccias that I examined also tells 
against the probability of any of the breccias being truly eruptive. 

At two or three places while traversing the plateau, especially in 
the broken country immediately east of our route after crossing the 
Kalomo River, we passed over areas in which the basalts lost for a 
space their usual tier-like aspect and became tilted, confused, and 
irregular, leading me temporarily to anticipate that we were 
approaching an eruptive focus ; and it is, of course, possible that in 
these places we may have traversed the outskirts of a volcanic centre 
without making a near approach to it. 

From previous information I had expected to find red sandstone 
interbedded with the basalts in the gorge below the Falls; but all 
the red beds that I could reach proved to be stained breccias and 
not sandstones. As already mentioned, my search for interbedded 
sediments was fruitless throughout the district; but this does not 
preclude the possibility of their occurrence beyond the area examined. 
Indeed, I saw from the train, in the Katuna valley (between Deka 
Bridge and Matetsi), some greenish-grey and reddish beds of shaly 
aspect among the basalts, unlike any rocks that I had the oppor- 
tunity of examining at close quarters. As the massive rocks also 
show much irregularity and variability in this neighbourhood, its 
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investigation may yield more notable results than I found myself 
able to attain. 

Some of the finer breccias present tuff-like characters; and though 
it was my impression in the field that ull the fragmental rocks that 
came under my notice were ‘ flow-breccias’ derived from the surface- 
shattering of the lava-streams, the petrographical examination of 
my specimens has shown that in at least one case, the composition 
of the rock cannot be entirely thus explained. A finely-fragmental 
rock collected from a thin band among hard platy basalts at the 
Mavangu ereek, about 17 miles east of the Victoria Falls, has been 
found by Mr. Thomas to contain much clastic quartz; which denotes 
either that the bed is a true tuff, or that it represents an admixture 
of land-waste with the basaltic detritus (see Appendix I [F 1018], 

20). 

a It 2 to be remembered that Mr. Molyneux’ and Mr. Mennell ? 
have described the intercalation of basaltic lavas with the ‘ Forest 
Sandstones’ of the country to the eastward, between Bulawayo and 
the Zambezi ; and that these lavas are assigned to the same period of 
voleanic activity as the Batoka Basalts—with which indeed they 
may at one time have been directly connected, though now severed 
by the Deka Fault. If this correlation be established, it will imply 
that sandy deposits of wide extent were accumulating contempo- 
raneously around the outer margin of the Batoka lava-field and 
were occasionally interbedded with the fringe of the flows; and 
the sand-grains in the Mavangu breccia may be due to wind-drift 
from some such marginal area. 


The Amygdaloids, 


The basalts are prevalently amygdaloidal, sometimes only slightly 
and sometimes highly so, the cavities being filled sometimes with 
green-coated chalcedony or crystalline quartz or a combination of 
both, and sometimes with zeolites. The amygdules vary in size 
from a mere speck to 8 or 10 inchesin diameter ; and I noticed a few 
isolated instances in which they assumed a pipe- or tube-like form. 
Around the Falls and in the higher part of the Batoka Gorge, 
zeolite-cavities predominate; while in the country farther eastward, 
and especially in the floor of the canon in its lower reaches, quartz and 
chalcedony prevail as the infilling material. I sought to use this 
difference as an indication of the position of the basalts in the 
series, my impression being that the rarity or absence of zeolites 
marked the lower beds; but, on descending the plateau as we 
approached Makwa, and also in the Deka valley, zeolites again 
became plentiful, although I judged that we there reached the lowest 
part of the series that came under observation. It is, however, 


1 ‘The Sedimentary Deposits of Southern Rhodesia’ Quart. Journ. Geol. 
Soc. vol. lix (1903) pp. 267-70. 

2 ‘The Geology of Southern Rhodesia’ Special Report No. 2, Rhodesia. 
Museum, Bulawayo, 1904, pp. 15-18. 
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possible that in this quarter the higher basalts are brought in again 
by disturbances due to the proximity of the Deka Fault. 

Among the zeolites in my collection Mr, Thomas has recognized 
stilbite, mesolite, and laumontite (?). Mr. F. P. Mennell also men- 
tions scolecite as occurring abundantly in the basalt at the Falls.’ 

The chalcedonic amygdules often possess a curiously minute 
botryoidal structure, their outer portion being made up of small 
globules showing concentric laminew, which give the material a 
pisolitie aspect. These and the many handsome varieties of agate 
would make pretty ornaments if polished; and sooner or later the 
tourist will no doubt be able to purchase ‘ Zambezi Pebble’ trinkets 
at the Falls. 


Structural Features of the Basalts. 


The apparent absence of dykes and sills in the areas which I 
examined is noteworthy. In spite of the numerous deep sections 
that came under scrutiny in the walls of the great gorge and its 
branches, I saw no case where the nearly horizontal banding 
of the series was definitely interrupted. In some places, as for 
example at the sharp bends just below the Songwi confluence 
(Pl. XVI), the weathered precipices of the Batoka Gorge are 
rendered jagged by the protuberance of sharp narrow spurs that 
at first sight suggest the presence of vertical bars of harder rock ; 
but, after as careful scrutiny as I could make by the aid of field- 
glasses, I came to the conclusion that in this and other similar cases. 
the outstanding ridges and buttresses were simply the weathered 
remnants of peninsulas and ‘ knife-edges’ like those which divide 
the great zigzags of the river just below the Falls, and were of 
similar origin (see p. 187). 

Small dyke-like strings, showing a vertical arrangement, were 
occasionally visible on broad bare surfaces of basalt; but when 
seen in cross-section these could not be traced downward below. 
the lava-sheet on which they were displayed. They probably 
represent merely the infilling of cracks in the consolidated crust of. 
the flow, from the yet fluid interior. On account of their differential 
weathering, these dyke-like veins sometimes have considerable 
influence in diverting the channels of the smaller streams; as may 
be well seen on a bare platform overlooking The Chasm 50 yards. 
beyond the western end of the Victoria Falls, which being occasionally » 
covered by flood-waters is sharply trenched along the course of one 
of these veins. 

T suspected the presence of a discontinuous dyke at the truncated 
margin of the basalts along the Deka Fault; and this suspicion 
is partly sustained by the result of Mr. Thomas’s petrographical 
examination (see Appendix I [F 1032 & 1035], p. 207), though the 
coarsely-crystalline rock near the Deka railway-bridge [F 1034], 
p- 210, on which my opinion was mainly based, proves to be less 


1 Fourth Ann. Rep. Rhodesia Museum, Bulawayo, 1905, p. 21. 
Qe Ge Sw Nios 250: ) 
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dyke-like than I anticipated. As trap-like characters reappear in the 
basalts within a few yards of the fault in several places, the dyke, 
if it’exists, can be of no great breadth. The so-called ‘ Mavinga 
Dyke’ shown on an engineer’s sketch-map of the Wankie coalfield 
(see ante, p. 173 & footnote), though it happens to fall in the same 
position as this supposed intrusion, represents a misapprehension 
of the faulted junction of the basalts and sandstones, as it was 
evidently intended to include all the basalts seen beyond the fault. 


Dips. 


In a series of lava-flows the true stratigraphy is necessarily 
difficult to decipher, as the structural dip may be completely masked 
by their original inclination. Hence it is doubtful how far the 
dips that were observed in the Batoka Basalts are original, and 
how far superinduced. One thing is certain, that the surface of 
the plateau does not stand in simple relation with the original 
surface of the lava-field, but ae been developed by erosion across 
the edges of the flows. 

The dips observed along our route are recorded, with other local 
information regarding the basalts, in tabular form in Appendix IT 
(p. 212), which contains the details condensed from my note-book. 
From this it will be noticed that gentle south-easterly dips prevail for 
a few miles eastward from the Falls; and that this direction is 
reversed for a space in the middle portion of the district, but reappears 
occasionally towards the eastern limit of the route. The dips, how- 
ever, are usually so low, that it would be unsafe to assign much 
significance to them; and in the few restricted areas where com- 
paratively steep dips were observed, they might well be due to 
original irregularities. Nevertheless, it is almost certain that 
structural tilting of some degree would result from a dislocation of 
the magnitude of the Deka Fault; and the evidence as a whole 
suggests that the dominant dip of the basalts is southward or south- 
eastward from the core of ancient rocks forming the Batoka upland, 
until they are intercepted by the great fault. On a broad scale, 
therefore, the basalts may be regarded as occupying a faulted 
syncline. 

Joints and other Fractures. 


The basalts are everywhere strongly and closely jointed, and the 
joint-system possesses a remarkable uniformity of direction over 
very wide areas. The prevalent direction of the governing set is 
approximately east and west, usually a few degrees—say 10° to 20°— 
north of east and south of west. There is also a tendency for other 
joints to be developed more or less at right angles to this set, which 
are however much less regular and in every way less conspicuous 
(see Appendix IT, p. 212). 

As one might expect, the joints, especially the governing set, 

1 From travellers’ descriptions of the country north and north-west of the 


district here described, it may be gathered that east-to-west jointing and 
faulting is extensively developed in this part also. 
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are much more strongly and closely developed in the massive basalts 
than in the breccias and slaggy amygbaloids. The columnar 
appearance which is often conspicuous in the walls of the gorge is 
usually due to the emergence of close-set parallel joints on the 
vertical faces of the more massive beds. The only place at which 
I saw really well-formed columnar structure was in a low cliff 
overlooking the *Nongu, an eastern tributary of the Kalomo River; 
although in a few other places, as, for example, in the main gorge at 
the confluence of the Karamba, the basalt showed a tendency towards 
wide-spaced polygonal jointing, without system or regularity. 

Besides possessing this joint-system, the basalts are also sliced 
at intervals in the same approximately east-to-west direction by 
pronounced fractures, along which there are sometimes signs of 
actual displacement; the opposing rock-faces showing slickensides 
and brecciation, with the occasional intercalation of vein-stuff, 
principally calcite and chalcedony. That vertical movement has 
occurred along these fractures is certain, but the monotonous 
character of the basalts generally renders its estimation impracticable. 
In one case, however, just above Kalonga’s Cleft on the Karamba 
(see fig. 8, p. 191, and Pl. XV) where the throw of a very conspicuous 
fracture of this kind could be measured, it was only 3 or 4 feet. 

These fractures tend to run in belts, within which they recur at 
short intervals, forming veritable ‘shatter-belts.’ They probably 
represent the minor re-adjustments of the great subsidence that finds 
its main expression in the Deka Fault. As we approached this fault 
in descending the Deka valley, veins of calcite were particularly 
conspicuous in the basalts, all striking approximately parallel to the 
fault. 


Effect of the Joints and Fractures on the 
Drainage-Channels, 


Both joints and ‘shatter-belts,’ but especially the latter, form 
vertical planes of rapid erosion, which, though invisible on the surface 
of the plateau where the stream-gradients are low, are picked out 
very rapidly into deep troughs by the forceful torrents rejuvenated 
by the recession of the main gorge (see p. 168). And as these 
structural planes frequently lie athwart the water-courses of the 
plateau, they constantly give rise to sharply-angular diversions 
from the previous direction where the streams plunge suddenly down- 
ward on leaving the upland. This effect is produced the more 
readily owing to the enormous seasonal variation in the volume of 
drainage. Except the Zambezi, almost all the stream-beds of the 
country traversed are mere flood-channels, filled to the brim for short 
periods during the rains, but during much of the year either quite 


1 One of these veins, over 2 feet wide, which we crossed when about 12 miles 
south-west of Bumbusi, was entirely filled with calcite in very large crystals, and 
was seen to the east and west of our track for at least 40 or 50 yards. In acountry 
where limestone is scarce, it is possible that this material may eventually become 
of some economic value. 

02 
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Fig. 4.—Section about half- 
way down rn the cleft at the 
eastern end of the Chasm at 
the Victoria Falls, showing 
the vein to which the chasm 
is due. 
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[The vein, as a whole, has a 
decided hade tothe south. The 
unshaded spaces are hidden by 
talus. | 

a=Vein-stuff, partly vertical ribs 
of crystalline calcite, and partly 
red and purple decomposed rock 
and earthy material; 4 feet 
seen, but probably 4 feet more 
in places, hidden under débris. 

6=A small ‘stringer’ of crystal- 
line calcite, 1 to 3 inches in 
width, cutting off a ‘horse’ or 
wedge of basalt. 

yy=Massive basalt, amygdaloidal 
in places, with strong east-and- 
west jointing which is cut ata 
low angle by the vein. 


dry or maintaining a very feeble flow. 
Hence, when a gully is formed in 
the stream-bed it soon serves to trap 
the whole flow except during tem- 
porary floods; the erosive activity 
of the stream is thus concentrated 
along the trench; and it is steadily 
enlarged until even the flood-waters. 
cannot escape from it, so that the 
rest of the bed is abandoned. 

The grandest illustration of this. 
method of erosion is afforded by the 
weird zigzags of the great gorge 
immediately below the Victoria 
Falls; but these have been so fre- 
quently described that it is unneces- 
sary for me here to enter into details. 
regarding them. | 

I have elsewhere shown’ that 
the mile-long transverse Chasm into: 
which the waters of the Falls descend 
has been scooped out along one of 
the vertical fractures, as I found on 
scrambling down its eastward termi- 
nation, where the section illustrated. 
in fig. 4 was revealed. 

The deep cleft which notches the 
lip of the Falls on Cataract Island, 
illustrated in Pl. X, is due, as Mr. 
Molyneux has pointed out,’ to the 
erosion of an oblique fracture by 
a small overflow-channel from the 
upper river. It exemplifies the de- 
velopment of a trench along a weak 
plane, which, if it should happen to. 
strike diagonally up-stream above 
the present Chasm, may eventually 
capture the whole river and lay. dry 
the broad lip from which the water 
now plunges. 

At many spots within the great 
gorge high above the present river 
I saw traces of abandoned channels 


1 «Notes on the Geological History of 
the Victoria Falls,’ in the ‘Official Guide 
to the Victoria Falls’ compiled by F. W. 
Sykes, Conservator (Bulawayo 1905); re- 
printed in Geol. Mag. dec. v, vol. 11 (1905) 
pp. 529-32, . 

2 <The Physical History of the Victoria. 
Falls’ Geogr. Journ. vol. xxv (1905) p. 51. 
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overhung by picturesque buttresses and isolated pinnacles, carved 
by the Zambezi in its search for the easiest passage when entrapped 
among the transverse trenches. Generally, where the river breaks 
away from these trenches, they are continued as deep rain-gullies 
into both walls of the cafion ; or they form the subsidiary cafions of 
tributary streams, into the waters of which the Zambezi itself may 
penetrate for some distance at times of high flood.t These features 
are admirably illustrated in the broad floor of the gorge at the 
Tshimamba Cataracts, shown in the sketch-plan below (fig. 5) and 


Fig. 5.—Sketch-plan of the Batoka Gorge at the Tshimamba 
Cataracts, showing water-filled inlets and steep gullies prolonging 
the east-and-west reaches of the Zambezi beyond its angular 
bends. (Approximate scale: 2 inches = 1 mile.) 


& 
a Tshimamba 
ae 


ome Cataract 


The water-area at the dry season is shown in black, and the dotted line marks 
the space covered at floods. 


in Pl]. XIII, where the river, at low water, twice forms a | in 
breaking away from its east-to-west trenches. At this place I 
found it not easy to determine whether the placid water of the 
straight reach on the south came into it from the east or from the 
west, even when I had traversed the flood-flat and stood at its 
rectangular termination. 

As a typical example of the effect of these structures on the 


1 From Chapmaun’s description it would appear that the gorge of the Gwai 
must also be of this character at its mouth. 


as 


190 THE GEOLOGY OF THE ZAMBEZI BASIN. [May 1907- 


Fig. 6.-—Shetch-plan of the gorge of the Karamba River, from above 
Kalonga s Cleft to its confluence with the Tembben. 
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Fig. 7. Profile of the river-bed at the 
waterfall above Kalonga’s Cleft. 


Gully intercepting 
dry-season stream 
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o The dry-season water- 
1, gully is 20 feet deep 
RX at the line of section, 
a but sinks to 50 or 60 
< feet farther eastward. 
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smaller streams, we may 
take the case of the Ka- 
ramba River, which joins. 
the Zambezi on its north- 
ern bank, 35 miles east of 
the Falls, and reproduces. 
neatly in miniature some 
of the principal character- 
istics of the great canon. 
This stream has carved out 
a wild gorge some 5 miles 
in length, into which it 
drops from an open valley 
on the plateau (see plan, 
fig. 6). The sides of this 
gorge at the mouth of the 
river, where they are 500: 
to 600 feet high, form bold 
rocky slopes rising at an 
angle of 30° to 40° from 
the stream-bed ; then they 
become gradually more 


precipitous as we proceed up into the sharp loops above the 
first straight reach; their crests approach nearer and nearer _ to 
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each other, until the walls are almost vertical; and finally the 


_ gorge is narrowed to a profound cleft, 300 feet deep and only 
». 15 to 20 feet wide at the bottom and about as many yards wide at 


. the top (see Pl. XV). At this gloomy spot, which we have named 
_ »*Kalonga’s Cleft,’! the gorge turns at right angles and holds a 
‘sombre, cliff- bound water-pool. Into this pool the Karamba, when 


Sa shrunken with the drought, makes a sideway leap from the plateau ; 


but when flooded it must pour over the terminal wall in a terrinc 


> cascade occupying the whole breadth of the chasm. Between the 


water-pool and the lip of the shallow upper valley, the basalts and 
amygdaloidal breccias which form the precipice are sliced trans- 
versely to the valley by several vertical planes of’ fracture and 
erushing, with anastomosing branches, which have been gouged out 
by the stream into a series of deep riffles, as shown in the section, 
fig. 7 (p. 190) and bird’s-eye view, fig. 8 (p. 191). At the time 
. of our visit all the water was intercepted by the first of these 
_. riffles, and conveyed sideways to a lateral recess, from which it 
recoils at a sharp angle and leaps into the pool. . 

Both as a spectacle, and as a most instructive lesson in the 
erosion of the basalts, I commend Kalonga’s Cleft to the notice of 
_any traveller who may find himself within reach of its flood-rent 
penal: Ne 


Other Noteworthy Structures. 


At the surface, the basalt usually exhibits the familiar spheroidal 
habit of weathering ; but while in some places the rock is deeply 
rotted to a rusty earth or loam, in others it remains perfectly 
hard and fresh immediately beneath a thin scaly crust which is 
shed off almost as rapidly as it is formed. Yet there did not seem 
to be any difference in composition accompanying this difference in 
weathering. The same anomaly is, of course, sometimes noticeable 
in the basalts of temperate climates, but I have never seen the 
distinction so sharply marked as in the Batoka Basalts. 

The vesicular basalts occasionally show a kind of ‘ pillow- 
structure, in the concentric arrangement of the amygdaloidal 
vesicles, due to the rolling-over of masses of half-cooled lava during 
the flow. This structure, so far as I saw, was not developed at 
the surface of the flows, but in their interior. The best example 
that came under observation was on the smoothly-worn rock-floor 
of the Mamba River, 200 yards below our camp, where the 
concentric outcrop of coarsely amygdaloidal bands divided up the 
rock into irregular oval masses, measuring from 2 to 6 feet in 
diameter. 

The more massive basalts, when fresh, occasionally show a 
curiously knotted aspect on stream-worn surfaces, somewhat 
resembling a spherulitic structure. This appears to be due to the 
segregation of the porphyritic constituents, especially the plagioclase- 


1 Named after a native guide. 
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felspars, into small round clusters (see Appendix I [F 1030] 
p. 208). This structure was especially well seen in the bed of 
the Matetsi River, about a mile above the railway-bridge. 

Besides the flaggy or thick-platy arrangement such as is common 
In basalts, which was a constantly recurring character in every part 
of the series, I noticed in a few places an unusual fissile or shaly 
structure for which I could find no explanation. So strongly 
marked was this structure in the bed of the Bwani River, 6 miles 
north of Makwa, where I first saw it, that I supposed the rock to be 
an indurated shale or schist, until closer examination showed it to 
possess the composition and crystalline character of the basalts. 
This shaly-looking material was, at one spot in the Bwani, curiously 
entangled among massive amygdaloidal basalt, with a sharp and 
irregular junction resembling an intrusive contact. Neither in 
the field nor under the microscope does the rock show any in- 
dication of shearing, so that the structure can hardly be a super- 
induced schistosity. Its petrographical characters are described in 
Appendix I [F 1024, 1025, & 1026] p. 209. 

This shaly structure was also conspicuous on the southern shore 
of the Zambezi near Makwa, and was prolonged up the dry bed of 
the Gongobujo or Logier River; and in a less striking form it was 
visible at a few other places, notably at the head of the Lukunguli 
River, south-west of Dambi’s. From the description given by 
Chapman, we may gather that the basalts display a similar character 
in the Zambezi valley for some distance below Makwa.* 


- Extent of the Basalts. 


The eastern boundary of the Batoka Basalts at the Deka Fault 
has already been described; and I have also referred to the possibility 
that the basic lava-flows interbedded with the ‘ Forest Sandstones ’ 
(Molyneux) of the country farther eastward may belong to this 
series (p. 184). The scanty evidence respecting the northern 
boundary as far west as the longitude of the Victoria Falls has also 
been stated (p. 172). As to their further westward prolongation, 
T have received information from my friend, Lieut. T. A. G. Budgen, 
who accompanied us during part of our journey north of the Zambezi, 
that he has recognized the basalts at a locality some 30 miles north- 
west of the Falls, in the bed of the Umgwezi or Marimba River, a 
west-flowing tributary of the Zambezi. There is, so far as I am 
aware, no further evidence until we reach the confluence of the Chobe 


* Chapman and Baines were evidently puzzled—and not without reason—by 
this rock. Chapman remarks :—‘ Baines thinks that the rock in the bed of the 
Zambesi, at Wankie’s, is what is called altered sandstone; it is a fissile or 
laminated brittle rock, with a glossy coating where influenced by water, but of 
a yellowish-brown colour inside (perhaps shale).... The other grey scaly 
rocks seam [? seem] in it near to Wankie’s. The outer scale of this rock is 
easily peeled off, and is brittle, but becomes harder towards the centre’ (‘ Travels 
in the Interior of South Africa’ vol. ii, 1868, p. 213; see also p. 191). 
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or Linyanti River with the Zambezi, 50 miles west of the Victoria 
Falls, where Livingstone records the occurrence of amygdaloidal 
trap’; while Aurel Schultz notes the presence of ‘ volcanic rocks’ : 
along the Chobe above the junction.” Above the Linyanti flats the 
Zambezi in its long and tortuous south-easterly course, for a distance 
of 75 miles, flows in many places over a rocky bed and is broken 
by numerous rapids; and, according to Livingstone, 


‘the rapids are caused by rocks of dark-brown trap, or of hardened sandstone, 
stretching across the stream.’ * 


The river is then confined within a shallow rocky gorge for several 
miles, at the head of which are the Gonye Falls, 20 to 50 feet 
high, according to the season. Livingstone’s account of the geology 
of this place is as follows :— 

‘The rocks of Gonye are reddish grey sandstone, nearly horizontal, and 
perforated by madrepores, the holes showing the course of the insect in 
different directions. The rock itself has been impregnated with iron, and 


that hardened, forms a glaze on the surface—an appearance common to many 
of the rocks of this country.’ 4 


Serpa Pinto, however, describes the rocks of this locality (near 
Sioma) as ‘ basaltic strata....forming natural ramparts, ever 
running east and west’ ; and he found similar rocks above the Gonye 
up to the edge of the Lialui flats’ ; beyond which, for an interminable 
distance, the solid rocks are entirely concealed beneath the sands 
and loams of the plateau. The apparent discrepancy between the 
two accounts may, I think, be that Livingstone’s description refers 
to a capping of the ‘surface-quartzite’ (see p. 198), beneath which 
the rock is probably basalt. At any rate, there can be no doubt 
that the Batoka Basalts extend westward across the Zambezi in 
some portion, if not in the whole, of its course between the Lialui 
Flats and the Linyanti Flats. Beyond the river, there is no hope 
of tracing the basalts, as the whole country for some hundreds of 
miles—right up to the western edge of the plateau—is a sandy 
plain over which several travellers have passed without seeing a 
single stone. 

Southward, as I have previously shown, the basalts may be 
followed along the outer margin of the Zambezi basin until they 
disappear under the sands of the Kalahari Desert, where the 
conditions are analogous to those on the western plains. Somewhere 
in the northern part of the desert, Chapman during his earlier 
hunting trips reached two solitary conical hills of ‘ ironstone,’—the 


‘Missionary Travels & Researches in South Africa’ 1857, chap. xiii, p. 233. 
‘The New Africa’ 1897, map. 
‘Missionary Travels & Researches in South Africa’ 1857, chap. xiii, p. 238. 
Ibid. chap. xxv, p. 498. : 

> * How I crossed Africa’ English transl. vol. ii (1881) p. 83. Serpa Pinto’s 
descriptions of the trench of the main river below the Gonye Falls, and of the 
minor trenches of its rejuvenated tributaries, are interesting, as showing a 
repetition of some of the characteristics ot the Batoka Gorge on a small scale. 
The physiographical problems raised by the presence of this gorge so far within 
the plateau-country are too wide to be discussed in this paper. 
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‘Chenamba Hills’'—-which Dr. Passarge considers to be probably 
indicative of the re-emergence of the basalts ; but the position as well 
as the geology of these hillsis uncertain. At the farther side of the 
desert south-westward, Dr. Passarge found the ancient gneissose and 
schistose rocks exposed in the neighbourhood of Lake Ngami; but 
if he is right in correlating the amygdaloids (‘ Loalemandelstein ’) 
which emerge at the eastern fringe of the desert in the Palapye 
district with the Batoka Basalts, it seems possible that a considerable 
portion of the Kalahari between the Zambezi, the Chobe, and the 
Makarikari Saltpans may be underlain by these rocks. The basis 
for this speculation is however so slender, that it is not worth further 
discussion. 

Without extending the hypothetical boundaries far into either 
the western or the southern desert, we obtain an area of over 20,000 
square miles as the approximate extent of the Batoka Basalts on 
a conservative estimate, and it may be very much more. But in 
any case the area of these old lava-fields cannot nearly attain the 
magnitude of the Deccan Traps of India or of the Snake-River 
Basalts of Western America. 


Thickness of the Basalts. 


As will be understood from the foregoing description, I found no 
means of ascertaining the thickness of the Batoka Basalts. It must 
in places exceed 1000 feet, as I saw nearly this thickness in a 
single section, in descending from the plateau south of the Zambezi 
to the bottom of the gorge approximately opposite the con- 
fluence of the Namaruba River; and at this spot presumably 
a very considerable mass had been removed from the top in the 
development of the plateau, and the base was still not exposed. 
What the thickness of the lava-fields in their deepest part 
may originally have been, must, I think, from the nature of the 
country, always remain a matter of conjecture. 


Age of the Basalts. 


Two views have been expressed respecting the geological age of 
the Batoka Basalts, but the evidence for either is at present slender. 
Mr. A. J. C. Molyneux,’ whose opinion is endorsed by Mr. F. P. 
Mennell, considers them, as already mentioned (p. 184), to be 
probably contemporaneous with the similar basalts interstratified 
with the ‘ Forest Sandstones’ of the country which he examined, 
farther eastward. In the absence of paleontological evidence, the 
age of the ‘ Forest Sandstones’ is left uncertain by Mr. Molyneux ; 
but Mr. Mennell considers them to be probably Tertiary, basing his 
argument chiefly upon the supposed recency of volcanic activity in 


1 ‘Travels in the Interior of South Africa’ vol. i (1868) pp. 150, 161, & 
277-78. 

2 «The Sedimentary Deposits of Southern Rhodesia’ Quart. Journ. Geol. 
Soe. vol. lix (1903) passem. 
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the district,’ and this view of the age of the Batoka Basalts is 
ou by Mr. Molyneux in his later description of the Victoria 
Falls.’ 

The second view is that implied in Dr. Passarge’s above-mentioned 
correlation of the Batoka Basalts with the Loale Amygdaloid and 
Diabase (‘ Loalemandelstein’). Here again the age of the rocks 
with which the comparison is made remains itself uncertain ; but 
Dr. Passarge suggests that the ‘ Loalemandelstein ’ may fall within 
the Jurassic Period, pertaining possibly to some stage of the great 
epoch of volcanic activity represented by the Stormberg Series of 
the southern colonies.® 

Further exploration will doubtless in time bring to light more 
direct evidence on the point; but my own endeavour to obtain such 
evidence having been unsuccessful, I can only state my impression, 
based mainly upon the relation of the basalts to the physical 
structure of the country, that they are likely to prove older than 
Tertiary. That they are older than the planation of the great 
plateau of which they form part is evident from the structure 
of the country around the Deka Fault; and if we dare follow 
Dr. Passarge in considering that this planation was largely accom- 
plished during a Mesozoic desert-period, the early Mesozoic age of 
the basalts might be taken as established. But this hypothesis of 
Dr. Passarge rests upon a highly speculative basis, and his evidence 
that the superficial deposits laid down upon the plateau carry back 
its history into Eocene times is by no means convincing. 


(4) The Flaggy Sandstone of Boomka, etc. 


Along my route, the surface-sands and surface-quartzite presently 
to be described were usually seen to rest directly upon the Batoka 
Basalts of the plateau. At a few spots, notably along the northern 
edge of the sand-bult between Matetsi and the head of the 
Lukunguli basin,* the sands were indurated towards their base 
into the condition of soft sandstone or ‘sand-rock,’ but the direct 
relationship between this semi-indurated material and the incoherent 
sand was clear. 

In going southward from Matheison’s to Deka, however, I found 
traces of a flaggy, dull-red or green, siliceous rock overlying the basalt, 
differing in character from any material that I had hitherto seen 
and apparently representing the relics of a stratified deposit. It 


* «The Geology of Southern Rhodesia’ Special Report No. 2, Rhodesia 
Museum, Bulawayo, 1904, p. 17. ; 

* ‘The ‘Physical History of the Victoria Falls’ Geogr. Journ. vol. xxv 
(1905) p. 46. 

° ‘Die Kalahari’ 1904, pp. 71, 82, 540-42 & Kartenband, Blatt 11. 

“ The Lukunguli River is known to the natives by this name in its lower 
reaches only, toward its junction with the Matetsi ; its head-waters are known 
to them as the Jambezi.. It is probably the same stream as the ‘ Myatambesi’ 
of Chapman’s map, which has disappeared from the later maps. I intend 
further to discuss some of these geographical matters in the notes which I am 
preparing for publication in a geographical journal. 
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occurred along the northern slope of the sandy plateau between the 
head-waters of the Matetsi and the Deka Rivers—an upland known 
to Chapman as ‘ Boomka, although this name appears to be no longer 
current. Here, though poorly exposed, the flaggy rock seemed to 
underlie a loamy flat of considerable extent, and was visible along 
our route at intervals for 3 miles or more, the surface of several 
shallow depressions or dry vleys being littered with its débris. I 
thought at first that it might be only an abnormal silicified surface- 
bed of recent origin, pertaining to these vleys; but on crossing for 
4 or 5 miles the intervening sand-plain, I found similar rock crop- 
ping out along the edge of a shallow valley on the Deka side of the 
bult, under conditions implying that it might be the relics of a 
formation distinct from and older than the other surface-deposits. It 
differs from any of the surface-quartzites that [ examined in its 
closely-knit fine-grained texture, flaggy bedding, colour, and general 
aspect ; and I saw nothing like it in any other part of our traverses. 
The surface of the slabs occasionally showed flattened cylindrical 
markings recalling the ‘worm-tracks’ of some of our ancient 
greywackes. Microscropically, it is described by Mr. Thomas as 


‘a fine-grained quartzose sediment, iron-stained, and made up of very angular 
grains .... certainly not wind-blown’ (see Appendix I, F 1038, p. 211). 


Unfortunately, I saw no clear section in this deposit; but I think 
that its thickness where I crossed it can only have been slight— 
probably not more than 10 or 15 feet—as the basalts emerged in 
several places in the immediate neighbourhood. In the above- 
mentioned exposure at the margin of the little valley, the flagey 
fragments frequently protruded edgewise at the surface, as if the 
beds possessed a steep dip; but this tilting appeared to be merely 
a superficial condition, confined to the loose slabs. I mention this, 
because it is just possible that an exposure of similar character may 
have supplied the basis of Chapman’s description of ‘ vertical strata 
of sandy schist (?)** in and around the head of the Deka Valley, 
which was my main incentive in making this particular journey. 

These flaggy Boomka strata may conceivably be a feeble equi- 
valent of some portion of the similarly fine-grained ‘ Forest Sand- 
stones’ of the Bulawayo country; or they may belong to the 
earlier of the superficial formations, like the ‘ Pfannensandstein’ of 
Dr. Passarge; but, without further knowledge, it is useless to 
attempt their correlation. Once more the absence of fossils—that 
perpetual hindrance to conclusions in South African geology—brings 
to mind Livingstone’s striking apophthegm, ‘In Africa; the very 
rocks are illiterate.’ * 

Another exposure deserves notice here, as possibly indicating the 
presence of beds of a different character overlying the basalts. On 
the march from Deka to Wankie, about a mile before reaching 
’Mtoro’s Kraal, at the south-eastern side of the Deka basin some 
15 miles distant from Wankie Station, a small steep hillock or. 


1 <Pravels in the Interior of South Africa’ vol. ii (1868) pp. 111 & 158, 


> ‘Missionary Travels & Researches in South Africa’ 1857, chap. xii, p. 214. 
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kopje, isolated and of conical shape, lay close alongside our road on 
the left (north). This hillock was composed of shale with a capping 
of thin sandstone, apparently resting upon basalt. 1 made a hasty 
examination (near the end of a long trek), and the rough sketch in 
my note-book shows the following section :— 


Top of kopje (slopes clad with Huphorbia). 
Thickness in feet. 
pl 


Flaggy greenish sandstone ............c0ceceseceeececens 05 
Green manly, SHale. y...105.<ssosrs0s-eeserereeneeeeeeere 3 
JE (uuppolles SIV aie a RRaRa on akesosee imac sonondacs dbcbodesecacédao 5s 6 + 


on decomposed basalt? with platy structure, much 
hidden by talus. 
Hard amygdaloidal basait-débris at foot of kopje. 


Note: Bedding of the shales nearly flat: looked rather promising for fossils, 
but none found. 


At the time when I saw this section I was of opinion that the 
basalts were shelving underneath the high ridges of sandstone that 
lay immediately to the right of our track, not having yet discovered 
the faulted character of the junction. Consequently, I did not pay 
such close attention to the evidence for superposition as I should 
afterwards have done ; but I distinctly remember that bare surfaces 
of basalt were exposed in close proximity to the kopje; and this 
being on the downthrow side of the great fault, it seems impossible 
that the sediments can have been brought up by the faulting. The 
spot certainly deserves further investigation, which I hope that it 
will receive from the next geologist who may pass that way. 


(5) The Chalcedonic Quartzite, Kalahari Sand, and 
other Surface- Deposits. 


The Chalcedonic Quartzite.: 


In many places the basalts of the plateau are overlain by a curious 
siliceous rock that has figured largely in all travellers’ descriptions 
of the country; for, although of insignificant thickness, it renders the 
ground which it occupies exceedingly uncomfortable to traverse. 
Frequently it occurs only as a chaos of loose blocks thickly strewn 
over the flats; but occasionally it attains a thickness of several 
feet, and from its resistant nature gives rise to conspicuous table- 
topped kopjes. 

The rock is a hard sandstone or quartzite, sometimes of a 
greenish tint, though more often reddish-grey or yellow, It is knit 


1 For locally indurated patches in the superficial deposits of our own 
country, I have proposed the short terms, ‘calerete’ (when the cement is 
calcareous), ‘silerete’ (when siliceous), and ‘ ferricrete’ (when ferruginous): 
see Geol. Mag. dec. iv, vol. ix (1902) p.575; and despite the etymological 
faultiness of the first and second, I think that these terms might be very 
usefully applied to the indurated surface-beds of Africa. This particular rock 
I should describe, using the above nomenclature, as a ‘silcreted’ sand. There 
are strong objections to the application of the term ‘ quartzite ’ to this material. 
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together by a chalcedonic cement, but is full of irregular cavities 
from which some soluble or incoherent material has seemingly been 
removed. Consequently, while the rock is of flinty hardness, its 
surface is excessively rough and irregular, and therefore very 
damaging to foot-gear of any description. 

I found this quartzite or ‘silcrete’ to be very generally, though 
sporadically, distributed throughout the country along the margins 
of the sand-bults, often forming a broad ragged fringe between the 
sands and the bare basalt. It does not, however, form a continuous 
layer beneath the sand, as it was not encountered in a well sunk 
by Mr. F. W. Sykes near the residency at Livingstone through the 
sand to the basalt; and is similarly wanting in some of the sand- 
cuttings on the railway between Deka Bridge-and the Victoria 
Falls. 

I saw some good sections of the ‘silcrete’ along the eastern 
margin of the shallow valley of the Maramba River, 2 miles above 
Livingstone, where it occupies the surface of a little plateau 30 to 
AQ feet above the river-flat, apparently an old terrace of the 
Maramba, and is cut through in several little kloofs. It is here 
from 3 to 10 feet thick, resting on decomposed basalt; and has a 
brecciated aspect, rounded lumps of the chalcedonic quartzite being 
enclosed in a gritty siliceous matrix honeycombed with the usual 
irregular cavities. 

It is also well-displayed, as a rugged bouldery capping to small 
table-like kopjes, in the much-dissected country bordering the gorge 
of the Zambezi on the west in the basin of the Masui River, 4 to 5 
miles south of the Falls; and in this neighbourhood it is also seen 
along the eroded margin of the sand-bult, being there generally 
associated with hard ferruginous sand-rock. 

The greatest thickness of this surface-rock that came under my 
observation was in the sharp south-eastern rim of the Matetsi 
Valley, some 500 feet above the alluvial flat at Tsheza’s, 5 miles 
from the mouth of the Matetsi. Here the beds cropped out at the 
margin of a high sand-covered upland in a bold krantz, which 
showed 8 to 10 feet of chalcedonic quartzite with 10 to 15 feet of 
partly siliceous, partly calcareous, brecciated or conglomeratic 
material below, resting on much-weathered spheroidal basalt. ‘The 
position of this bed in relation to the valley appeared to denote 
its considerable antiquity. Thinner patches of similar chalcedonic 
rock occurred, however, on the stepped slopes along the opposite 
side of the valley at all elevations. Nor could I find in any part 
of the region that the formation was restricted to any definite 
position in respect to the present surface ; for although, as in the 
above-described instance, it frequently caps the highest ground, it 
occurs in abundance also on the lower terraces and even in the 
bottoms of valleys. 

The general impression that I gained was, that in most cases the 
“silcrete’ represents a progressive induration of the exposed base 
of the sands, due to the deposition of silica on the evaporation of 
ground-water which has slowly percolated through the sands. The 
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solution and redeposition of silica, as Dr. Passarge has admirably 
shown, has been throughout their history one of the most character- 
istic geological processes within the great sand-velds of south-central 
Africa. The ‘sileretes’ of the region which I traversed appear in 
all respects to resemble the surface-quartzites of Cape Colony 
described by Mr. A. W. Rogers’ and his colleagues ; and, as with 
these, the conditions for their production still prevail. Therefore, 
while the induration of some may be of considerable antiquity, that 
of others is certainly very recent. 

From his study of similar deposits in the Kalahari Desert, where 
they attain their widest development, Dr. Passarge believes that a 
definite sequence of events may be traced in them, involving many 
changes of climatie conditions and dating back from Eocene times. 
Hence he divides these deposits into several stages, which are grouped 
together as a system under the term Botletle-Schichten. 
From the descriptions of travellers he has concluded that these 
‘ Botletle-Schichten ’ are exposed with considerable regularity along 
the dissected edges of the plateau in the Zambezi basin below the 
Falls ; and he has therefore indicated their presence in this region 
on his map.” 

However, as will be gathered from the foregoing account, I do 
not think that the surface-deposits of the Batoka country afford 
support to the complicated hypothetical deductions which Dr. 
Passarge has drawn from the ‘ Botletle-Schichten ’ of the Kalahari.’ 

In the country between Bulawayo and the Zambezi, Mr. Molyneux 
describes the occurrence of ‘innumerable heaps of travertine,’ com- 
posed of ‘rounded quartz-grains cemented together by silica, often 
assuming the shapes of roots, which form ‘the capping of small 
rises.’* These he considers to have been deposited by hot springs 
now extinct; but I venture to suggest that in most cases they are 
surface-quartzites similar to those described above. 

- The petrographical characters of two of the surface-quartzites are 
described by Mr. Thomas in Appendix I [F 1045 & 1046] p. 211. 

Blocks of the chalcedonic quartzite are among the commonest 
pebbles of all the streams that trench the ground which it occupies. 
The stone has been used in ancient times by the natives for 
manufacture into cutting implements. These implements lie 
scattered in large numbers on the rocky flats bordering the upper 
part of the Batoka Gorge: and, as I have elsewhere shown,’ some 
may be of considerable antiquity. 


1 “An Introduction to the Geology of Cape Colony’ London, 1905, 

. 307-61. 
eae Die Kalahari’ 1904, pp. 540-42, & Kartenband, Blatt ii. 

* Ibid. p. 648. 

« «The Sedimentary Deposits of Southern Rhodesia’ Quart. Journ. Geol. Soc. 
vol. lix (1903) p. 282. 

> ‘Notes on the Occurrence of Stone Implements in the Valley of the 
Zambesi around Victoria Falls’ Journ. Anthrop. Instit. vol. xxxvi (1906) 
pp. 159-69. ; ’ 
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The Kalahari Sand. 


The mode of occurrence and the distribution of the surface- 
sands have been indicated in the first part of this paper, and are 
further illustrated by the section, fig. 1 (p. 170), and by the map 
(Pl. X VIE}. 

These red sands must attain a great depth in the broad smooth 
bults of the plateau, but are rarely exposed in section. In the 
well-sinking near Livingstone previously mentioned (p. 199) they 
were 20 feet thick; in railway-cuttings south of the Victoria Falls 
they are exposed up to a depth of 15 feet: and these are the 
principal sections that came under my observation. 

Where untrodden, these sands are firm and compact at the 
surface, but they rapidly disintegrate and become quite friable 
under traffic. So far as I could find, they show no sign of bedding 
or other evidence of sedimentation ; and their position with regard 
to the present surface debars the possibility that they can have been 
accumulated as aqueous sediments where they now occur. For 
example, besides occupying the higher parts of the plateau, they 
enwrap the slopes of the shallow outer valley of the Zambezi in 
several places, and reach close up to the river on both sides above 
the Falls; and I noticed similar conditions in several of the smaller 
open valleys. This gives some clue to the period of their accumu- 
lation, since it is evident that they have attained such positions at 
some time subsequent to the erosion of these particular valleys. 
But it is noteworthy that the sands on the opposite sides of the 
Zambezi are identical in appearance; and it appears, therefore, 
that the river, if still existing at the time, did not form a barrier 
to their accumulation. 

Although the sands are at present always heavily bush-clad and 
firmly fixed in position, the hypothesis that they have been wind- 
borne under conditions different from those which now prevail 
agrees best with their general characters. I did not anywhere, 
however, see any dune-shaped masses—always the sand lay in 
broad smooth swells or bults, with gentle slopes leading to an 
even summit; and the flatness of the sandy surface over wide 
tracts was very striking. 

The identity of these sands with the ‘ Kalahari Sand’ of Dr. 
Passarge has already been mentioned, and was indeed first recognized 
by that observer himself.’ His explanation of their origin is that 
they have been, in the first place, brought down by large rivers into 
the interior basin during a period of heavy rainfall ; and then partly 
redistributed by wind and other local agencies during a subsequent 
epoch of drought: and this idea finds no contradiction in any 
evidence that came under my own observation. Very little of the 
sand can have been derived from the basalts, in which the quartz- 
filled amygdules alone could supply this material; so that, unless 
indeed the sand represents the destruction of supra-basaltic arena- 
ceous deposits of wide extent, for which there is little evidence, 


1 *Die Kalahari’ 1904, pp. 541 & 561. 
Q.J.G.8. No. 250. P 
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it must have been transported into this region from without. 
Curiously enough, I saw comparatively little surface-sand in the 
sandstone-country around Wankie, where there is an immediate 
source for the material; but this district is so much dissected that 
loose detritus is likely to find its way rapidly into the stream-beds, 
whence it will be transported out of the sandstone-country to the 
Deka, and thence to the Zambezi. 

Dr. Passarge considers that. the river-transport of the sands was 
mainly effected during a ‘ Pluvialzeit’ which was contemporaneous 
with the Glacial Period of our latitudes, and that their rearrange- 
ment took place during an ‘Interpluvialzeit.’* Into these specu- 
lations I shall not venture to enter further than to state my 
impression that, whatever their earlier history may have been, the 
sands bordering the Batoka Gorge have reached their present 
position during a period of greater aridity and stronger winds * than 
now obtain in this region; and that there has since been a time 
(?the Glacial Period) of much greater rainfall than the present, 
during which the sands became fixed, clad with vegetation, and in 
places deeply eroded by streams which have now disappeared. 

The reader who desires fuller information should peruse Dr. 
Passarge’s great work, in which the Kalahari Sands, together with 
the other superficial deposits, are fully discussed in all their aspects. 


Surface-Limestone and Tufa. 


In the region traversed, calcareous deposits due to the evaporation 
of lime-charged waters are of common occurrence, but are usually 
of very limited extent and of recent origin. Owing to the interest 
excited in all the superficial deposits by Dr. Passarge’s work, a short 
description of those which I observed seems, however, desirable. 

Surface-incrustations of this character border many of the dry 
stream-courses and shallow vleys, reminding me of a similar crust 
or ‘ caliche’ which I have seen under like conditions in Arizona. 

In the Batoka Gorge the great cliffs of basalt are frequently 
streaked vertically with greyish-white incrustations, due to lime 
and other minerals deposited by water oozing from small springs 
and evaporating in the torrid air of the chasm (see, for example, 
Pl. XI). These markings are frequently strung along a definite 
bedding-plane, but at the time of our visit all these places appeared — 
to be absolutely dry. Indeed, I was everywhere impressed with 
the rarity or absence of true rock-springs, seeing that the strongly- 
jointed structure of the basalt and the deep trenching of the 
country by the gorges appeared to afford most favourable con- 
ditions for them. The springs that I saw were all due to the slow 
oozing of water from the loamy flats, except a single one which I 


1 «Die Kalahari’ 1904, chap. xxxvii. 

2 IT am informed by Mr. R. T. Coryndon that, in Northern Rhodesia, the 
winds at the present day are never strong enough to drift these sands, even if 
they were not sheltered by vegetation. I take this opportunity of also acknow- 
ledging my indebtedness to Mr. Coryndon for many useful items of information 


regarding the structure of the country beyond my traverse north of the 
Zambezi. 
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found issuing from the fault-rock low down in the eastern recess 
of The Chasm at the Victoria Falls. The temperature of this 
anomalous little fountain indicated that it was fed from the river 
above; and although within the perpetually spray-drenched atmo- 
sphere of The Chasm, it had deposited a thick cushion of tufa, 
charmingly overgrown with moss and fern. 

Traces of a calcareous layer underlying the alluvial loam were 
noticed, in places, on the flats bordering both sides of the Zambezi 
above the Falls. It will be remembered that Livingstone found 
thick calcareous deposits in a higher part of the valley, and believed 
them to be the relics of a lake which was drained by the opening 
of the rift at the Falls." 

Besides the ‘ valley-calcretes,’ I saw in a few places somewhat 
similar deposits of greater antiquity, that could not have been 
formed under existing conditions. These were generally associated 
with chalcedonic quartzite and with hard ferruginous material 
(‘ferricrete’), which appeared in part to replace them and to 
represent a gradual alteration that is probably still in progress. 
Dr. Passarge has dealt very fully with the alteration (verkiesel- 
ung) of lime-rocks into quartzites in the Kalahari; and I think 
that this process must have taken place in the cases to which I 
refer. 

My best opportunity for examining material of this kind was 
near our camp at Makwa, just after we had crossed the Zambezi. 
Here the river, having emerged from the Batoka Gorge, has again 
expanded into a wide shallow stream, bordered by an irregular flat 
diversified with steep-sided basaltic kopjes of varying height. ‘Two 
of these kopjes that I examined are capped by the deposits in 
question; and I should probably have found the same conditions 
on other hills in the neighbourhood, if I had been able to reach 
them. The first kopje overlooks the right bank of the river close 
to our landing-place, and is the ‘ Logier Hill’ of Chapman and 
Baines, described by the former as being composed of ‘ tufa, 
dipping eastward.’* On this hill I estimated the thickness of the 
superficial rock at about 20 feet, the material being partly siliceous 
and partly calcareous, but showing the same rugged cellular 
structure throughout the mass. A similar but thinner capping was 
observed on the second kopje, near our camp 14 miles west-north- 
west of Logier Hill, which rose to about the same elevation and 
stood in like position with regard to theriver. These hills are both 
much below the general level of the plateau, and must have received 


1 «Missionary Travels & Researches in South Africa ’ 1857, chap. xxvi, p. 527. 

* «Travels in the Interior of South Africa’ vol. ii (1868) p. 213. I was 
anxious to determine this site, so famous in the annals of African travel, 
where Baines and Chapman in 1862 made their unsuccessful attempt to build 
a boat in which to pass down the Zambezi. My ever-helpful pilot for the 
southern traverses, the late H. F. Greer, the Assistant Native Co:nmissioner for 
the district, therefore called in some of the oldest natives to guide us to the 
place; and ‘there, on the very spot, two of them toid us how, as boys, they 
had come across the river to see the first white men in their country,— 
Gabimani (as they called Chapman) and his comrades—giving us a faithful 
narrative of the doings of these impressive strangers. 

p2 
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their capping after erosion had already greatly lowered this par of 
the country. They are some 400 feet lower than the place already 
described (p. 199) on the rim of the Matetsi valley, 7 or 8 miles to 
the north-westward, where very similar surface-rocks were observed ; 
and we cannot therefore regard these surface-beds as forming part 
of a once-continuous sheet of ‘ Botletle-Schichten.’? Moreover, I 
found the same kind of material to be plentiful at still lower levels, 
in the banks and dry bed of the Gongobujo River which drains. 
eastward to the Zambezi on the northern side of Logier Hill. 

The sections in the banks of this stream, 2 to 3 miles above its. 
mouth, showed much white ‘ calcrete’ and ‘ silerete’-—sometimes in 
soft sintery banks of 15 to 20 feet—along with masses of a hard 
splintery green rock, partly silicified (see Appendix I [F 1046, 
p- 211}), and some red jaspery streaks; and material of this kind 
was found to characterize the places where the gradient of the 
stream was low, being generally absent where the stream flowed 
steeply over the basalts. 

These deposits therefore sustain the conclusion previously stated, 
that the surface-rocks have been formed on the flats at different 
stages in the lowering of the valleys, and that in this part of the 
country they do not mark any definite period. 

Some further details with regard to the surface-accumulations. 
of the region will be found in Appendix III (p. 213). 


Lateritic te hentai 


In places where the basalt is bare, or nearly so, the surface is. 
sometimes littered with rough irregular lumps of ferruginous grit 
(‘ ferricrete’), due to the segregation of iron from the decomposing 
rock; but I did not light upon any place where this material 
formed masses comparable to those of siliceous and. calcareous 
composition described above. The same segregative process is. 
probably indicated by the occasional presence of thin cakes and 
narrow strings of iron-ore on the rock-surface and in joints and 
crevices of the basalt. I noticed these small iron-filled crevices. 
in several places, particularly in a dry kloof on the ridge 5 or 6 
miles north-east of Matetsi, where the ore had been dug by the 
natives and smelted in the adjacent forest, the relics of their old 
bloomeries still remaining. 

The pellety lateritic soil of the plateau has been previously 
described (p. 170). 


Fluviatile Deposits. 


The paucity of pebble-gravel along the bed of the Zambezi and 
its tributaries is remarkable. On the unbroken plateau this may be 
explained by the very low gradient of the streams; and in the 
rejuvenated valleys the force of the water is, perhaps, too great to 
allow such material to lodge. But it seems rather as if the basalt- 
blocks, when once broken into fragments, are soon completely 
disintegrated. Thus, within the Batoka Gorge, the river at low 
water is generally fringed on both sides by a forbidding border of 


Vol. 63.] GEOLOGY OF THE ZAMBEZI BASIN. 205 


great boulders only partly waterworn, interrupted here and there 
by miniature beaches of glaring-white quartz-sand, loudly * musical’ 
when trodden on; but the very scanty material intermediate in size 
between the boulders and the sand consists almost entirely of agate 
and chalcedonic pebbles derived from the amygdules, 

The same peculiarity is observable in the case of the smaller 
streams draining the basalt-country; so that neither in their present 
beds nor on the higher ledges which they have once occupied is 
there any noticeable accumulation of fluviatile detritus ; and even 
their flood-bars, like those of the Zambezi itself on its emergence 
from the great gorge, are built up of partly-worn basalt-blocks, 
occasionally faced with patches of white sand. 

In the north-eastern district, however, where the streams have 
derived part of their detritus from the older rocks (p. 172), medium- 
sized pebbles of these rocks and nut-like pebbles of pink quartz are 
abundant, not only in the present river-beds but also on low flats 
away from the streams, indicating a former drainage-system differing 
in detail from that of to-day. But even here the pebbles, where 
thickest, seem only to form a surface-layer, and I saw no instance of 
a gravel-terrace of construction such as one is accustomed to find in 
the home-country. 

I could not detect any of these extraneous pebbles on the flats 
of the Zambezi at Makwa, below the confluence of the above- 
mentioned streams; but the abundant flakes of white mica con- 
tained in the river-sands at this place, and absent in the higher 
reaches, have no doubt been carried by these streams. I can 
therefore confirm Chapman’s shrewd guess’ that this mica was 
brought down to the river from the north. 

The smoothly-worn basalt along the stream-beds, especially on 
the flood-platforms and other places slightly above ordinary water- 
level, is generally glazed with a thin black surface-film bearing a 
high polish, which gives no foothold and renders passage along the 
floors of the gorges very difficult. Glazing of this kind appears to 
be of very common occurrence on similarly-situated hard rocks in 
hot climates, and its origin has been frequently discussed. In 
Egypt, Mr. A. Lucas, who has carefully studied its occurrence at the 
Nile Cataracts, leans to the opinion that the film is deposited by 
water evaporating from the rock*; and my experience of the 
phenomenon in the Zambezi valley led me to the same opinion. 

I have elsewhere* remarked on the singular absence of recent 
animal-remains in the region, but the point will bear repetition. 
From the hunters’ records we know how abundant formerly 
were the bigger mammals, including the elephant, rhinoceros, 
hippopotamus, buffalo, zebra, lion, etc., and indeed, though sadly 
diminished, they still inhabit the country. In the district south of 
the Batoka Gorge they were killedin great numbers during the last 
century; yet I failed to find anywhere either bone or tooth to 


1 «ravels in the Interior of South Africa’ vol. ii (1868) p. 213. 

2 «The Blackened Rocks of the Nile Cataracts & of the Egyptian Deserts 
Govt. Rep.: Ministry of Finanee, Cairo, 1905. 

3 Rep. Brit. Assoc. 1905 (South Africa) p. 299. 
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indicate the fact, despite my searches in the apparently favourable 
stream-beds and trenched loam-flats of the plateau. The African 
climate, aided perhaps by insect- and other low forms of life, 
appears to bring about the rapid disintegration of animal-remains, 
even of the hardest teeth.' Supposing similar conditions to have 
prevailed in the past, it is easy to understand the deplorable lack of 
fossils in most of the African sedimentary rocks. 


V. SummMARY AND ConcLusIoNn. 


1. The predominant feature in the geology of the Zambezi basin 
around the Batoka Gorge is the wide development of the Batoka 
Basalts, a great series of lava-flows of undetermined age, but pro- 
bably Mesozoic. These basalts stretch southward into the Kalahari 
Desert, and westward beyond the great bend of the Zambezi above 
the Linyanti Flats; but their extreme limits in these directions is 
not yet known. They are terminated northward by the emergence 
of the older rocks which form the Batoka upland. | 

2. The basalts are cut off on the east by the Deka Fault, which 
brings in the sandstones and shales (‘ Wankie Series’) of the Wankie 
coalfield (= Matobola Beds, probably Permo-Carboniferous). This 
great dislocation, striking east-north-east where seen, is probably 
continued far to the north-eastward of the country examined, and 
constitutes a governing feature in the structure of the district. __ 

3. The Wankie coal-measures rest directly upon the ancient 
schistose, metamorphic, and igneous rocks of Rhodesia; and an 
equivalent series of sandstones, ete., probably occupies a similar 
position along the northern margin of the basalts. 

4, Superficial material, principally unconsolidated red sand (‘ Kala- 
hari Sand’) and chalcedonic ‘ surface-quartzite,’ overspreads large 
areas of the basaltic plateau, and denotes great changes of conditions 
in the central basin in late Tertiary and in Quaternary times. 

5. The main element in the physiography of the country is the 
rejuvenation of the sluggish plateau-drainage, consequent upou the 
erosion of the Batoka Gorge by the Zambezi. The singularly 
zigzageing courses followed by the rejuvenated streams are due to 
certain structural characters of the basalts. 


It remains for me to render sincere acknowledgments for 
assistance rendered to me by many friends. 

To the Council of the British Association I am initially indebted 
for the opportunity of undertaking this pleasurable investigation 
in a new field. | 


1 That mammalian remains may, however, be preserved, under exceptional 
circumstances, is proved by the occurrence of calcareous bone-breccia in the 
‘Rhodesia Broken-Hill’ mining district in the ‘hook’ of the Kafue River 
(N.W. Rhodesia). The country-rock of this district, in places, is limestone. 
Specimens of this bone-breccia were obtained by Mr. A. Bromwich, of the 
British South Africa Company, during a recent visit to the locality, who 
kindly brought it to my notice. The much-desired recovery of specimens 
indicating the South African fauna antecedent to that of recent times is 
therefore not quite hopeless. 
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To Sir Lewis Michell and to the officers of the British South 
Africa Company, both in Rhodesia and in London, my thanks are 
due for the liberal co-operation by which alone it was made possible 
for me to carry out the field-work in this wild region. 

To Mr. F. W. Sykes, until recently the District Commissioner 
and Conservator at the Victoria Falls, who organized and led our 
expedition on the northern side of the Gorge, I owe more than can 
be expressed in this simple acknowledgment. 

It is impossible within the allotted limits of space to particularize 
at length the assistance that I received on all sides in Rhodesia; to 
some of which I have, however, been able to make reference in the 
text of this paper. But my appreciation of the kindness shown to 
me is none the less keen if unexpressed. 

I have to thank Mr. F. W. Sykes, and Miss Louisa Rhodes (acting 
as the representative of her brother, the late Col. F. W. Rhodes, who 
accompanied us on our journey north of the Gorge), for the 
photographs with which this paper is illustrated. 

The collection of rock-specimens made during the investigation 
has been handed over to the Petrographical Department of the 
Geological Survey of Great Britain, for preservation at the office in 
Jermyn Street, London. 


Apprenpix I. 


PrErroeRaPpHicaL Notts, py H. H. Tuomas. 


The Dolerites. 


Intrusive ophitic olivine-dolerites. 


F 1032 & 1035. Localities: 10 yards from fault at Jack’s (Mtoro’s) 
Kraal, Deka Valley ; and 30 yards trom fault, Rondulu, Wankie. 


Of the specimens examined, two rocks seem to possess undoubted 
intrusive characters; in the hand-specimen they present a fairly 
compact appearance, without auy conspicuous porphyritic mineral. 

The fresh rock is greenish-brown in colour, with small dark- 
green patches; and F 1032 showed a few minute amygdaloidal 
cavities, filled with zeolites, chlorite, and secondary quartz. 

Under the microscope these rocks prove to be almost holocrys- 
talline ophitic olivine-dolerites, of somewhat unusual type. They 
consist of magnetite, plagioclase with a little orthoclase, and augite. 
The magnetite is for the most part the earliest product of con- 
solidation and builds well-formed octahedra, but also occurs in 
strings and patches. The olivine exists as small idiomorphie crystals, 
slightly elongated, parallel to the edge (100) (010), and as rounded 
grains. No fresh olivine now remains, but that it was a variety 
fairly rich in iron is indicated by the border of iron-ores fringing 
the pseudomorph. The pseudomorphs are composed of a fibrous 
highly-refracting mineral, with straight extinction and a yellow 
to yellow-brown colour, recalling the ‘ Potluck’ pseudomorphs of the 
Derbyshire ‘ toadstones ’ or those of some of the Tertiary dolerite- 
sills of Skye. 
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The felspars, which are practically all of one generation, build 
lath-shaped crystals ranging up to 1-2 mm. in length. Generally 
they are twinned according to the Carlsbad law alone, but a few 
show albite-lamellation. The low and sometimes almost straight 
extinction of these crystals indicates an acid plagioclase, approxi- 
mating to if not actually reaching oligoclase. The augite, which 
is a pale variety, but not quite colourless in section, forms plates 
ophitically enclosing the plagioclase-laths. The orthoclase occurs as 
small untwinned patches, filling the spaces between the earlier- 
formed crystals, and was evidently the last product of consolidation. 
A few small needles of apatite may be seen, but the mineral is rare ; 
and chlorite occurs as a decomposition-product of the ferromagnesian 
minerals. Small chloritic patches might possibly represent residual 
glass, but proof is wanting. Both these rocks were completely 
devoid of flow-structure. 

In the apparent high percentage of alkalies these dolerites 
approximate in composition to the mugearites of Harker, but: differ 
strongly from them in a greater percentage of the bisilicates and 
in the paucity of apatite. 


The Flows. 


These rocks may be divided into two types :— 
(a) Those in which the augite is mostly granulitic, but which also contains 


larger subophitie plates. 
(6) Those in which all the augite is granulitic in character. 


(a) The Subophitic Dolerites. 


F 1019. Locality: Creek at Mamba Camp, north of the Zambezi. 
1028. Locality: BedofLukunguli(Jambezi), near Dambi's; (bedded). 
1029. Locality: First crossing of the Lukunguli from Tsheza’s. 
1030. Locality: Matetsi River, south of Matetsi Station. 


In the hand-specimen the above rocks are of a dark-grey colour, 
one alone (1028) having a dull-red tinge. They are heavy and 
compact, and show bright felspar-crystals. They are typically non- 
amygdaloidal. Specimens 1019 & 1029 show a platy structure, 
apparently parallel to the surface of the mass; while 1030, on a 
weathered surface, shows light-coloured circular patches about a 
quarter to three-eighths of an inch in diameter, the origin of which 
is obscure unless it be a greater percentage of felspar in that area. 

The rocks consist of magnetite, augite, and plagioclase-felspar, 
with olivine and apatite as accessories. The texture is fine-grained 
and there is no flow-structure. 

The magnetite builds octahedra, but occurs also in irregular 
patches and strings. The augite, which is pale in colour, occurs in 
two forms, either as plates wrapping round but seldom enclosing 
the felspar, or as knots or small crystals without good outline in 
the groundmass. 

These rocks may be said to be rich in augite, but this is compen- 
sated in a measure by the almost complete absence of olivine ; only 
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in two specimens (1028 & 1030) were doubtful pseudomorphs 
after this mineral detected. The granules of augite are often 
twinned, and elongated parallel to the twin-plane. 

The felspars occur in two generations, but are seemingly very 
similar in composition, both being just on the acid side of typical 
labradorite. The earlier generation builds porphyritic slightly- 
zoned crystals, usually twinned according to the Carlsbad and 
albite-laws, but occasionally showing pericline-lamelle. The sym- 
metrical extinctions on the twin-plane range up to 36°. The micro- 
liths are extremely slender, usually twinned on the Carlsbad plan 
only. Apatite occurs sparingly, and there seems to have been a 
small residue of interstitial glassy material. 

It is quite probable that some of these rocks may be sills; but, 
apart from field-evidence, there is no reason for removing them 
from those considered as true flows. 


(6) The Granulitic Dolerites. 


F 1016. Locality: Railway-cutting at west side of bridge, Victoria Falls. 

1017. Locality: Bottom of the Zambezi Gorge at the entrance to the 
Songwi. 

1020. Locality: ieee cataract at the Tshimamba. 

1021. Locality: Upper cataract at the Tshimamba. 

1022. Locality: South side of the Zambezi, floor of the gorge near 
the Namaruba confluence. 

1024. Locality: Bwani River, north of the Zambezi. 

1025. Locality: Bwani River, north of Makwa (platy heds). 

1026. Locality: Bwani River, north of the Zambezi (platy beds). 

1033. Locality: Kopje near the railway-bridge, 6 miles west of 
Wankie. 

1037. Locality: Rock in the fault, Deka River, kopje near the 
railway-bridge. 


The fresh rocks, such as 1016, 1020, 1031, 1033, are compact, 
and dark-grey to grey-brown in colour, weathering brownish or 
greenish according to the extent to which oxidation or chloritiza- 
tion has proceeded. They are feebly vesicular: in F 1024 cavities 
reach half an inch in diameter ; in other specimens they are smaller, 
while in some they are absent. Mineralogically they are identical 
with the rocks containing subophitic augite, and the two groups 
undoubtedly pass one into the other. F 1017 represents an inter- 
mediate stage, in which there are occasional! bigger crystals or knots 
of augite. 

The felspars occur in two generations, as before; but the micro- 
liths often tend to take up a paralle! arrangement indicative of flow, 
although flow-structures are generally ill-defined or absent. In 
composition and dimensions the felspars agree with those described 
above. 

Magnetite is comparatively abundant in octahedra, but by no 
means constant in its percentage. 

In texture these rocks are all fine-grained, some more so than 
others. Olivine is rare and in many cases absent, while the augite, 
where it exists as large crystals, has undergone partial] re-absorption. 
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The vesicles are usually filled by zeolites, but sometimes by secondary 
quartz and also chlorite. 

Some of the flows are much decomposed, and occasional specimens, 
such as F 1037, show a mass of felted felspar-microliths silicified 
and highly iron-stained. 


Unusual Types. 
F 1034. Locality: Near the fault, Deka River, near the railway-bridge. 


This rock in the hand-specimen shows large porphyritic felspars 
set in a red, highly ferruginous ground-mass, which is apparently 
wholly crystalline. Under the microscope the porphyritic felspars 
are seen to be twinned according to the Carlsbad and albite-laws, 
and to belong to a species of labradorite. The groundmass con- 
tains olivine now converted into yellow pseudomorphs, sometimes 
showing the original crystal-outline. Augite occurs in small, mostly 
idiomorphic crystals, and also plentifully in the groundmass. The 
felspar-microliths are labradorite: they are much twinned (Carlsbad 
and albite-laws) and lack any definite arrangement. There is a 
good deal of interstitial material which was originally glass, now 
rendered absolutely opaque by limonitic iron-ores. 

The rock, as a whole, is slightly vesicular; the vesicles, which 
range up to half an inch in diameter, are filled with stilbite and 
lined with chlorite. Locally it shows signs of brecciation, and from 
this and other properties it 1s suggested that it is the margin of an 


intrusion or flow. 


F 1031. Locality: 2 miles south of ’Klaas’s, near the head of the 
Matetsi. 


A remarkably fresh-looking, dark greyish-brown rock, in which 
light amber-coloured grains and crystals are very noticeable. 
Under the microscope it is seen to ally itself to the subophitic or 
glomeroporphyritic examples described above, but to differ in the 
occurrence of an abundance of a bright-yellow mineral of secondary 
origin. This mineral, which is fibrous and strongly refracting, 
both replaces small crystals and grains of olivine and fills minute 
cavities. 

In all other respects this rock may be grouped with the sub- 
ophitic varieties already described. 


Fragmental Rocks, etc. 


F 1018. Locality: Eastern bank of Mavangu Creek, near Camp. 
1023. Locality: South side of the Zambezi, floor of the gorge near 
the Namaruba confluence. 
1027. Locality: Bwani River, north of the Zambezi. 


Among the fragmental rocks one true tuff was noticed, namely 
F 1018. It consisted of broken felspars, almost opaque reddish 
tachylytic glass, angular and vesicular masses of fine-grained 
dolerite, set in a matrix of fine broken felspar-microliths and 
clastic quartz. The other specimens are apparently flow-breccias : 
they are largely made up of fragments of tachylytic glass as before, 
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but these are cemented by doleritic material which is of the nature 
of a flow and not fragmental. 


Zeolites. 


_ The zeolites collected separately include stilbite, mesolite, and 
laumontite(?). Stilbite and laumontite (?) are associated in the same 
mass, the stilbite being pinkish and the supposed laumontite opaque- 
white. The mesolite occurs in colourless, translucent, radiating 
masses. 
The Sediments, ete. 
Boomka Flags. 
F 1038. Locality: Sandstone, 6 miles north of Geise’s, Deka valley. 

A fine-grained quartzose sediment, iron-stained, and made up of 
very angular grains measuring not more than 0°15 millimetre in 
greatest dimension ; certainly not wind-blown. 


Surface-Deposits. 

F 1044. Locality: Limestone, 10 miles north of Deka valley at Geise’s, 

This rock is yellowish-grey, compact, and fine-grained, with white 
patches and streaks. Under the microscope the main mass of the 
rock is seen to be composed of a calcareous paste which has under- 
gone little or no silicification, and a few small patches of recrystal- 
lized calcite. The white patches are seen to consist of well-rounded 
quartz-grains, with some equally well-rounded limestone-grains set 
in a fine detrital caleareous cement. The limestone is probably of 
organic origin, and contains many sections of organic remains which 
may be referred to Cyprids. 

It is suggested that the streaks and patches are solution-tubes 
and cavities filled with blown sand. 

F 1045. Locality: East of Mavangu Camp, north of the Zambezi. 

A pink quartzite, made up of miilet-seed grains of quartz and 
microcline, with a little finer material of subangular character. 
The matrix is chalcedonic. The large proportion of microcline 
would seem to indicate derivation from an area of crystalline 
schists and gneisses. Probably this is a desert-sand solidified by 
secondary silicification. 

F 1046. Locality: Bed of the Gongobujo River, Makwa. 

Greenish-grey siliceous rock, with white calcareous patches. It 
is similar to the above, with the exception that it is not red-stained 
and contains a less quantity of microcline. The matrix between 
the grains is chalcedonic, but in this case evidently replaces an 
original calcareous cement. In the white patches the replacement 
of the calcareous material has gone on to avery small extent. The 
white patches seem, therefore, to represent more or less the original 
character of the rock. 


Pebbles from the Gwemanzi River, north of the Zambezi, include 
several schists and gneisses, among which may be mentioned a 
quartz-biotite-gneiss and a garnetiferous pegmatite- 
gneiss, 


Apprnpix II.—Locat Norns on THE Baroxa Basatrts. 


Locality. 


Predominant Characters. 


Dip, when seen. 


Northern Side of the Zambezi, and Batoka Gorge. 


Victoria Falls 


| Gorge at Songwi ......... 

Moravu, 6 miles east of 
Songwi. 

Mavangu, between Camp 
and Gorge. 

Gorge south-east of Ma- 
vangu Camp. 


Mamba Creek, near Camp. 


Gorge at the Tshimamba 
Cataracts. 


Kalonga’s Cleft, 
Karamba River. 


Lower (south-eastern) 
reach of the Karamba 
River. 

Kalomo River,near Camp. 


Gorge near the Namaruba 
confluence. 

Gwemanzi River, near 
Camp. 

Bwani River .... 


Zambezi shore at Makwa. 


Matetsi River, near the 
Zambezi confluence. 

Lukunguli River, first 
crossing. 

Lukunguli River, above 
Dambi’s Kraal. 


|Matetsi River, 1 mile 
above the railway- 
bridge. 


Matetsi River, near head, 
8 miles from Pandama- 
tenka. 

2 miles W. of Matheison’s. 

Stream south of Deka .. 


Deka River, 2 miles below 
Deka. 

Deka valley, 10 miles 
below Deka. 


Same 


Three slightly amygdaloidal 
massive beds, with two amyg- 
daloidal breccias at ry.-bridge. 

Massive amygdaloid, with seve- 
ral bands of breccia, some thick. 

Dense, slightly amygdaloidal ; 
platy structure. 

Dense platy basalt, with thin 
tuff-like breccia (see p. 184). 
Several thick massive bands, 
with soft greenish-grey inter- 

calations. 

Amygdaloidal basalt, with 
‘pillow ’-structure, and in 
places platy ; with red spongy 
breccia below. 

Dense platy basalt; with inter- 
vening breccia in lenticular 
masses. 


| Amygdaloidal basalt, hard and 


splintery; with a band of red 
breccia about 60 feet thick. 


Basalt and breccias. 


Dense. 

Massive basalt, with amyg- 
daloidal bands and breccia. 

Dense, platy. 


Purple amygdaloidal basalt, and 


greenish basalt with shaly 


structure. 


Southern Side of the 


Platy amygdaloidal basalt and 
spongy breccias. 

Dense basalt and slaggy amyg- 
daloid, confusedly mingled. 

Dense greyish basalt. 


Purple porphyritic rock, with 
regular platy structure re- 
sembling bedding. 

Dense greyish basalt with sphe- 
rules (glomeroporphyritic) ; 
and purple basalt with chal- 
cedonic & zeolitic amygdules. 

Dense, slightly amygdaloidal. 


Dense, platy. 
Amygdaloidal basalt, 
spheruloid structure. 
Platy, with spheruloid struc- 
ture, and amygdaloidal. 

Do. Do. 


with 


General Features Continue to 


(Shght) S.E. or 
8.S.E. 


S.20° E. at 3°tod°. 

E. to S.E. 

Variable ; 
W., & W. 20° S. 

Apparently W.. 
at 2°. 

Rolling, but 
mainly S.E. 

S. at 5° to 15°. 


W. at 3° to 5°. 


Apparently S. 


Indefinite. 
S. at 8°. 
N.E. 


Rolling, mainly 
S.E., up to 15°. 


Zambezi. 
Apparently flat. 


> 
P 


S.W. at 10°. 


Not seen (but 2 
miles higher up- 
stream, rolling & 
mainly E.) 

Ground flat: dip 

not seen. 


S.S.E. 
Not observable. 


S.W. or W., but 
rolling. 


NE,, | 


Joints, ete. 


| E.10° S., cut at low} 
angle by Chasm-| 
fracture (see p. 188). 

| H.; to HE. 20°N. 


| E. 25° N. 
Obscure & irregular; | 


Pewase ots)5 IOs 19% 
| Strong. 


| Irregular, chiefly 
E. 10° S. 


| Mainly E. 


E. & a few S.; also | 


many ‘ shatter- 
planes’ with 
veining. 


Strong 8.E. 


Irregular; some 
S. 20° E. | 
E. 10° N., & others} 
8. 10° HK. | 
| Master-joints E.; 
others S.E. 
Some K.; others | 
S. 30° E. 


Irregular; E. 35° N.| 

& S. 30° W. | 
E., with calcite-veins. | 
Dominant, E. 20° S.] 


KE. 20° N. 


Dominant, E., but | 
rather confused. | 


Obscure; some 
S. 30° W. 


E., with calcite- and] 
hematite-veins. | 


Deka valley, between | Dense, amygdaloidal. 


E., with veins. 
’*Mtoro’s and ’Ngoni’s. | 
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Apprnpix III. 


Nores oN THE SUPERFICIAL DEPOSITS ALONG THE RovuTEs 


MARKED 
Locality. 


on THE Mar (Pl. XVII). 


Character of the Surface traversed. 


Northern Side of the Zambezi. 


\ 


Victoria Falls to the Songwi, 
River. 


Songwi River to Mavangu ......'| 


Mavangu to Tshimamba ......... 


Stony flat, a former bed of the Zambezi, cut by 
gullies; with sprinkling of gravelly chalcedonic 
detritus. : 

First, alternations of stony lateritic ground with 
grassy flats of thin loam: then, a sand-bult at the 
head of small streams draining to the Zambezi. 

Continuation of the sand-bult, with loose blocks of 
‘silcrete’ (surface-quartzite) in patches along the 
edge; then broken basaltic country, with lateritic 
soil. 


Tshimamba to Kalonga’s Cleft.. Rugged dissected basalt-country, with some heavily 


Kalonga’s to the Kalomo River. 


Kalomo River to the Gwemanzi 


River. 


Gwemanzi to ’Ntoro 


’Ntoro to Makwa 


grassed stretches of loam along dry stream-beds 
on the plateau. 

Very rugged basalt-country: huge bars, up to 12 
feet high, of basalt-boulders, in the bed of the 
Kalomo, with a sprinkling of pebbles and mica- 
flakes from the Fundamental Complex. 

Smoother and less broken plateau beyond the 
Kalomo basin, with shallow valleys containing 
much detritus of the ancient rocks, etc. (see 
p. 172). A patch of ‘silcrete’ on the flat east of 
the Namaruba River, and traces of high-level 
gravel. 


.| Slightly-broken basalt-plateau, with scattered blocks 


of ‘silcrete’ and some pinkish quartz-pebbles, but 
little or no detritus of ancient rocks in the 
streams. 


.... Descent from the plateau over basalt, with sprink- 


ling of granitic, etc. gravel in places, and patches 
of ‘ calcrete’ on the lower ground: tract of red 
sand on the slope leading to the Zambezi. 


Southern Side of the Zambezi. 


Makwa to the Matetsi River ... 
Matetsi valley, from Tsheza’s 
to the confluence with the 
Zambezi. | 


Matetsi River (Tsheza’s) to the 
Lukunguli River (Sianteti’s).' 


Sianteti’s to the Batoka Gorge. 


Sianteti’s to Dambi’s (Lukun- 
guli valley). 


Dambi’s, to the head of the Lu- 
kunguli valley, and across the 
water-parting to Matetsi 
Station. 


Sloping bult of red sand, covering a ridge, with 
‘silcrete,’ ‘ calcrete,’ etc. at the edge (see p. 199). 
Broad valley with steep sides; several terraces of 
dark alluvial loam in the bottom, the lowest con- 
taining many freshwater shells!; broad delta of 

basalt-boulders at the confluence. 

Blocks of ‘silici-calcrete’ abundant on the basalt- 
spurs of the Matetsi valley, and a patch about 
15 feet thick on the crest, at the margin of the 
plateau. Upland flats of thin loam thickly 
grassed, breaking away into stony basaltic valleys. 
Some mottled red sandstone and ‘silcrete’ at the 
margin of a thinly sand-covered tract. 

Basaltic upland, with lateritic soil and gravelly 
‘ferricrete,’ ‘silcrete,’ and loam in places, be- 
coming very rugged towards the Batoka Gorge. 

Ferruginous and chalcedonic gravel on a high terrace 
in the valley : stony slopes on the south, leading 
to a plateau of the usual type—alternately stony 
and loamy—; but westward, grassy loam-flats 
expand into a wide basin, edged on the north and 
south by sand-bults. 

Loamy flats, edged by rocky ground and partly 
surrounded by sand-bults; some ‘ ferricrete’ and 
‘silcrete’ along the edge of the sands: also cakes 
and veins of iron-ore at the top of the basalt in 
places. 


1 See list in Rep. Brit. Assec. 1905 (South Africa) p. 301. 
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Locality. Character of the Surface traversed. 


Matetsi Station to Lukubiro’s| Narrow sand-bult in the angle between the rivers, 
(Matetsi and Tshitshigumba) indurated to a soft red rock at the base; but 
valleys). chiefly loam-flats, with stony lateritic tracts in 

the valleys. 

Lukubiro’s to Matheison’s) Succession of broad grassy flats of black loam, up to 
(head of the Matetsi basin). 9 feet deep, interspersed with low rises of basalt 

with thin lateritic soil: a thin patch of ‘calcrete’ 

on the north side of the Matetsi River where 


| erossed. 
Matheison’s to Deka (head of, Broad sand-bult, rising 200 to 300 feet (Boomka 
the Deka basin) ~ of Chapman), between the basins of the Matetsi 


and Deka, with some patches of flaggy sandstone 
at the edge (see p. 196); but country otherwise as 


last. 
Deka to ’Ngoni’s (southern edge, Grassy loam-flats and stony basalt-country inter- 
of the Deka valley). | spersed, the latter thickly sprinkled in places with 


sinall pebbles and rough lumps of quartz, quartzite, 
chalcedony, and sandstone: also some sand-veld 
in approaching ’Mtoro’s. 


EXPLANATION OF PLATES X-XVII. 


Puate X. 


Rift, about 86 feet deep, in Cataract Island, Victoria Falls, excavated along 
a vertical joint or small fault in the Batoka Basalts by an overflow streamlet. 
The ‘ Leaping Water’ is seen in the distance. 


Prats XI. 


The Batoka Gorge, looking up from the confluence of the Songwi River, 
about 6 miles below the Victoria Falls. A sand-bult forms the sky-line on 
the left. 

Puatze XII. 

The Batoka Gorge at Syakowi, near the confluence of the Mavangu stream, 

looking down, about 17 miles E.S.E. of the Victoria Falls. 


Prarze XIII. 


The Batoka Gorge, about 25 miles E.S.H. of the Victoria Falls, immediately 
below the Tshimamba Cataracts looking N.H., down stream (see plan, fig. 5, 
p- 189) ; showing the flood-platform with islands, and the development of zigzags 
along joints in the low-water channel. 


Puare XIV. 


The Batoka Gorge at the confiuence of the Karamba River (see fig 6, p. 190) 
ahout 35 miles east of the Victoria Falls, looking west, up-stream; depth of 


gorge = about 750 feet. 
PLATE XV. 


Kalonga’s Cleft, nearly 300 feet deep, at. the head of the gorge of the 
Karamba River, a tributary of the Zambezi (see figs. 6, 7, & 8, pp. 190-191). 


Puate XVI. 


The Batoka Gorge at the sharp bends just below the confluence of the 
Songwi River; showing promontories (‘knife-edges’) partly destroyed by 
weathering, and a lower pinnacle (in the middle of the picture) cut off by an 


ancient channel of the river. 
Puate XVII. 


Geological sketch-map of the country around the Batoka Gorge of the 
Zambezi, on the scale of 10 miles to the inch; and three diagrammatic sections: 
(1) aeross the Zambezi basin ; (2) across the lower portion of the Wankie Series 
at Wankie; and (3) in the Wankie Series adjacent to the Deka Fault. 


Quart. Journ. Geol. Soc. Vol. LXIII, Pl. X. 


Photo by the late Col. F. W. Rhodes. 


Rift, about 80 feet deep, in Cataract Island, Victoria Falls, excavated along a vertical 
joint or small fault in the Batoka Basalts by an overflow streamlet, The ‘Leaping 
Water,’ in the distance. 


The joint-plane showed traces of slickensides. 
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Quart. Journ Geol. Soc. Vol. LXIII, Pl. XI. 


Photo. by F. W. Sykes. 


The Batoka Gorge, looking up from the confluence of the Songwi River, about 
6 miles below the Victoria Falls. A sand-bult forms the sky-line on the left. 


Note the sharp trenching of the plateau; and compare the angle of slope of the 
walls, here nearly 500 feet high, with that shown in the next three Plates. 
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Ouart Journ: Geols Soc. Vol. LXIII, Pl: X11. 


Photo. by F. W. Sykes. 


The Batoka Gorge at Syakowi, near the confluence of the Mavangu stream, looking 
down, about 17 miles E.S.E. of Victoria Falls. 


Note the dip of the basalts in the distant cliff; also, the diminished angle of 
slope compared with that shown in Pl. XI. 


Quart Journ. Geol. Soc. Vol. LXIM, PL XITf. 


Photo. by F. W. Sykcs, 


The Batoka Gorge, about 25 miles E.S.E. of Victoria Falls, immediately below the 
Tshimamba Cataracts, looking N.E., down-stream (see A/an, Fig. 5); showing the flood- 
platform with islands, and the development of zigzags along joints in the low- 
water channel. 


Note the prolongation of the middle reach into an inlet on the right bank, and the 
escape of the river from it at right angles. The white patch in the foreground is a 
little beach of quartz-sand. The depth of the gorge here is about 600 feet. 
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Ouart fourm: Geol: Soc: Vol. LXITI, Pl: X1V. 


Photo. by F. W. Sykes. 


The Batoka Gorge at the confluence of the Karamba River (see Fig. 6) about 35 miles 
east of Victoria Falls, looking west, up-stream; depth of gorge, about 750 feet. 


Compare the angle of slope with that in the preceding Plates; and note the close- 
set joints of the basalt in the foreground. 
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Orare jour: Geol Soc) Vol. LXITI; Pl. XV. 


Photo. by F. W. Sykes. 


Kalonga’s Cleft, nearly 300 feet deep, at the head of the gorge of the 
Karamba River, a tributary of the Zambezi (see /igs. 6, 7, and 8). 


The stream enters the Cleft on the right, after dropping from the plateau 
into a shorter chasm branching off from this at right angles. 


Quart. Journ. Geol. Soc. Vol. LXIII, Pl. XVI. 


Photo. by the late Col. F. W. Rhodes. 


The Batoka Gorge at the sharp bends just below the confluence of the Songwi 
River; showing promontories (‘ knife-edges’) partly destroyed by weathering, and 
a lower pinnacle (in the middle of the picture) cut off by an ancient channel 
of the river. 
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Quart. Journ. Geol. Soc. Vol, LXIII, Pl. XVII. 


GEOLOGICAL SKETCH-MAP OF THE COUNTRY AROUND THE BATOKA GORGE OF THE ZAMBEZI. 
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Discussion. 


The Presmen'r, in returning the thanks of the Society for the 
interesting and luminous contribution to our knowledge of African 
geology and physiography made by the Author of the paper, referred 
to the earliest information regarding the region which was obtained 
by Livingstone, and to the prevalent opinion at the time that the 
striking gorge of the Zambezi is due to a vast rent in the crust of 
the earth. It was satisfactory to him to find the suggestion con- 
firmed which he then made, nearly half a century ago, that even 
the ravine of this African river is no exception to the rule that 
such topographical features are due to river-erosion. The details 
furnished by the Author from his own personal survey of the ground 
were of great value, in showing how rock-structures had modified 
the progress of the erosion and would give rise to future important 
changes in the course of the river and the excavation of its caiion. 
The similarity of geological conditions and of the resultant topo- 
graphy between the basalt-plateau and gorge of the Zambezi, and the 
lava-fields and caiious of the Snake River in Western America, was 
remarkable. Ifthe Author had succeeded, during his short sojourn 
in the country, in gleaning such an amount of new and important 
facts, it was to be expected that a still ampler harvest awaited more 
prolonged and exhaustive investigation. As a piece of pioneer-work, 
his paper was an admirable example of how much could be achieved 
in a short time by a trained eye and an experienced judgment. 
It would form a memorable feature in the history of African geo- 
logical exploration, and meantime was heartily appreciated by the 
Society. 

eee ce said that, during his visit to Rhodesia in 1894, he did 
not get as far north as the Zambezi River, and therefore he could 
not speak from any personal knowledge of the district so admirably 
described by the Author; but he had made some study of the 
voleanic rocks of other parts of South Africa, and the Author’s 
paper appeared to the speaker to have an important bearing upon 
these. His description of the Batoka Basalts, especially “of the 
amygdaloidal bands that occur in the upper part of the flows, with 
their vesicular cavities infilled with agate, green-coated chalcedony, 
quartz, and zeolites, recalled exactly the character of the Bushveld 
Amygdaloid, which covers a large area of the Transvaal immediately 
north of Pretoria, namely, the well-known Springbok Flats. The work 
of the Transvaal Geological Survey had shown that these lavas overlie . 
sandstones which are considered to be of Karroo age and younger 
than the Permo-Carboniferous coal-measures of the Transvaal. 
The Author stated that the Batoka Basalts are younger than the 
Wankie coal-measures or Matobola Beds, which Mr. Molyneux 
also considered to be of Permo-Carboniferous age. Again, there 
was a remarkable resemblance in petrographical habit between the 
Bushveld Amygdaloid and the lavas of the Volcanic Group of the 
Drakensberg and the Malutiberg, especially in the occurrence of 
the long drawn-out vesicles which had originated the name of 
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‘pipe-amygdaloid.’ It was interesting to note that the Author 
also referred to the occurrence of a ‘ pipe-amygdaloid’ in the 
Batoka Basalts. The Volcanic Group of the Drakensberg was 
classified by South African geologists, following Dunn, as the 
uppermost division of the Stormberg Beds, and consequently as 
younger than the Permo-Carboniferous coal-beds of Cape Colony. 

Considering the vast extent of the plateau-basalts of North 
America and of the Deccan in India, geologists would admit the 
possibility that in South Africa these great basaltic flows of 
Rhodesia, the Transvaal, and the Cape Colony may have had 
a common genetic origin, and were erupted towards the close of the 
Stormberg Period. 

There appear to have been three chief epochs in the geological 
history of South Africa, when volcanic activity took the form of a 
vast extrusion of lava. The first followed the close of the 
Witwatersrand Period, producing the lavas, accompanied by 
breccias and tuffs, of the Ventersdorp Volcanic System. The 
second followed the deposition of the Pretoria Beds, producing 
the acid felsites of the so-called ‘red granite ’-formation of the 
Transvaal; while the third took place towards the close of the 
Karroo Period, producing the basic lavas of the Stormberg, the 
Springbok Flats, and (as it would appear) the Batoka Basalts. 

The AurHor expressed, in reply, his thanks for the reception 
accorded to his paper. 
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I. Iyrropuction. 


Tue Mendip Hills consist of four periclinal upfolds of Carboniferous 
Limestone, arranged en échelon from north-west to south-east. 
Each pericline includes a core of Old Red Sandstone, and the 
south-eastern or Beacon-Hill pericline further shows a series of 
igneous rocks. It is with these that the present paper deals. The 
existence of igneous rocks in the Eastern Mendips was first noted 
by Charles Moore,’ who described them as 
“a, basaltic dyke of considerable thickness emerging from beneath the Old Red 
Sandstone at East End near Stoke Lane.’ 
He considered that, from the general physical character of the 
Mendips, it was not improbable that the dyke might be co-exten- 
sive with their range. He not only attributed the upheaval of the 
whole Mendip range to the intrusion of this igneous mass, but also 
considered that it was responsible for the remarkable inverted 
character of the Carboniferous beds at Luckington, where the 
Coal-Measures are worked under the Carboniferous Limestone. 
John Morris? refers to the rock at Stoke Lane, as 


‘a dyke of considerable thickness, emerging from beneath the Old Red Sand- 
stone, occurring as bosses in the field, but, traced for some distance over 
the district, it 1s conglomeratice in places, and pronounced by Mr. D. Forbes 
to be dolerite.’ 


The igneous rocks are not-shown in Sanders’s map of the 
Bristol Coalfield (published in 1864), but appear in the map of 
the Geological Survey (1884) as a series of isolated patches ex- 
tending from Downhead on the east, to Beacon Plantation, south- 
west of Stoke Lane, on the west, a distance of about 3 miles. 


1 Quart. Journ. Geol. Soc. vol. xxiii (1867) pp. 451-52. 
2 Geol. Mag. vol. v (1868) p. 236. 
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The field-exposures were mapped by the officers of the Geological 
Survey, Messrs. H. Bristow, W. A. E. Ussher, & H. B. Woodward; 
and, ‘as mentioned in the Survey-memoir,’ Mr. Ussher considered 
the exposures to be parts of one continuous mass, while Messrs. 
Bristow & Woodward considered that they occurred as bosses or 
hummocks in the manner represented in the Survey-map. A 
diagrammatic section by Mr. Ussher is given,” which shows the 
igneous rock as a dyke breaking across the Old Red Sandstone, 
and spreading out near the surface of the ground. The Old Red 
Sandstone is represented as considerably disturbed. 

Sir Archibald Geikie and Dr. A. Strahan,’ in their account of 
the igneous rocks associated with the Carboniferous Series of the 
Bristol District, briefly describe the rocks in question as follows :— 


‘ A group of masses of igneous rock is shown on the Geological-Survey map 
(Sheet 19) rising along the ridge of Old Red Sandstone to the north of 
Shepton Mallet. These masses were also visited by the Director-General and 
Mr. Strahan, with the view of ascertaining whether they formed part of the 
Volcanic Series which has now been described.4 But they were found to 
belong to a different petrographical series. Thin slices prepared from the 
freshest. of the rocks in Moon’s-Hill Quarry and from Beacon Hill have been 
examined by Mr. Teall, who finds that they are undoubted andesites. They 
- appear to rise intrusively through the (Upper) Old Red Sandstone. ‘They 

have none of the characters of true lavas, nor do they seem to have any 
accompaniment of tuff or agglomerate. Their age must remain undecided. 
They are presumably younger than the Old Red Sandstone, which in their 
immediate neighbourhood passes conformably npward into the shales and 
limestones at the base of the Carboniferous system. They may possibly belong 
to the Carboniferous volcanic series. ‘Their more acid character than that of 
the lavas of Weston, Middle Hope, and Goblin Combe would not be a valid 
objection to such a relationship, for the intrusive sheets and bosses of the 
Carboniferous series in the South of Scotland and in Ireland are often much 
less basic than the contemporaneous lavas. ‘This question, however, must 
remain until the district is surveyed in more detail.’ 


Hitherto all geologists have agreed in regarding the rocks as 
intrusive; but, during the last tew years, the opening of several 
new quarries pointed to the desirability of remapping the exposures. 
This was done with more interesting results than might have been 
anticipated, as it showed that the trap-rocks were associated with 
an extensive series of tuffs, some of which contained Silurian 
fossils. The mutual relations of the different rocks were, however, 
very difficult to ascertain, as much of the mapping was based on 
material thrown out by moles and rabbits. For the further 
elucidation of the geclogy of the district a Committee of the 
British Association was appointed at the recent meeting (1906) 
at York; and, under the auspices of the Committee, a series of 


1 «Geology of Hast Somerset & the Bristol Coalfields’ Mem. Geol. Surv. 1876, 
14 


p. 14. 
2 Ibid. p. 15. 
® «Summary of Progress of the Geological Survey for 1898’ (1899) pp. 110-11. 


4 Namely, that associated with the Carboniferous rocks of Northern 
Somerset. 
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seven trenches was dug, from which a considerable amount of 
information embodied in the following pages was obtained.* 


IJ. Description oF THE EXPOSURES. 


(1) The Lava or Trap. 


In the Geological Survey-map, on the scale of 1 mile to the inch, 
the trap is shown as forming three principal masses :— 


(1) A western mass extending westwards from the road between Stoke 

_ Lane and Waterlip to the neighbourhood of Knapp’s Farm, with a 

detached portion still farther west on Beacon Hill. This may be 
called the Sunnyhill and Beacon-Hill mass. 

(2) A central mass, with a nearly square outcrop, lying immediately east 
of the Stoke Lane-and-Waterlip Road. ‘This may be called the 
Moon’s-Hill mass. 

(3) An eastern mass, the eastern extremity of which commences near 
Downhead, stretching in a westerly direction almost parallel to the 
main Frome Road for about a mile; this may be called the 
Downhead and Tadhill mass. Smallisolated patches are also 
mapped on the southern border of the Sunnyhill and Beacon-Hill 
mass, : 


For purposes of description the foregoing arrangement may be 
retained, although it is probable that the Moon’s-Hill mass is 
continuous with the Sunnyhill and Beacon-Hill mass. 

As has been already mentioned, much of the mapping is based 
on material thrown out by moles and rabbits, and it 1s sometimes 
a matter of difficulty to decide whether the material has been 
derived from the weathering of solid trap or of trap-blocks in the 
coarse ashy conglomerate. When tuff-débris is mingled with the 
trap, the rock is mapped as coarse ashy conglomerate; when 
trap-débris occurs alone, trap is mapped. 


The Sunnyhill and Beacon-Hill mass.—The westernmost 
region where trap-débris unmingled with tuff was found, was in 
the fields lying in the angle between the Wells-and-Frome Road 
and the Beacon-Farm Road, much débris having been thrown out 
in fixing a new fence. Farther east, at a point 350 yards west of 
the ‘Waggon & Horses’ Inn, large biocks of trap occur in some 
shallow gorse-grown depressions close to the Roman Road. These 
depressions appear to represent old trial-workings, and from them 


1 TJ have had the advantage of going over many of the exposures with two 
members of the British-Association Committee, Prof. C. Lloyd Morgan and the 
Rey. H. H. Winwood, also with Dr. A. Strahan, Mr. F. R. Cowper Reed, and 
Mr. E. E. L. Dixon. To all these gentlemen I am much indebted for help and 
suggestions. 

The excavations carried out under the auspices of the British Association 
have been much facilitated by the kind assistance of Mr. Ashman, of Beacon 
Farm, and Mr. Huntley, of Tadhill Farm, to whom I desire to express 
my thanks. My thanks are further tendered to the Marquis of Bath and 
Sir R. Paget, the owners of the land on which the excavations took place, and 
to their respective agents, Mr. E. C. Treplin and Messrs. Wainwright & Hurd. 
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the specimen from Beacon Hill described by Dr. Teall‘ was probably 
obtained. Much trap-débris occurs in the northern part of this field. 
East of the ‘ Waggon & Horses’ Inn, trap-débris has been found at 
a number of points, as indicated in the map (fig. 1, p.220). These 
indications tend to show that the trap-band here is about 200 yards 
wide. The westernmost point at which trap is now seen definitely 
in situ is at a clump of trees about 150 yards west of Sunnyhill 
Quarry, but the exposure is poor. Sunnyhill Quarry, so interesting 
from its fine section of tuffs, is principally opened in fresh andesite, 
which closely resembles that of Moon’s Hill as well in its tex- 
ture and composition as in its generally shattered and slickensided 
character. Flow-structure is sometimes clearly seen. At one spot 
the lower part of the trap has caught up and enclosed a mass of 
red shaly material. The cutting-back of the northern side of the 
approach to the quarry has exposed a mass of tuff and shaly 
material about 25 feet thick, underlain by some 25 feet of trap. 
This is described on p. 223. 


The Moon’s-Hill mass.—A short distance north-east of 
Sunnyhill Quarry is the big quarry of Moon’s Hill, where stone, 
which is much used locally for road-metal, has been quarried for 
many years. Moon’s-Hill Quarry—by far the largest in the igneous 
series of the district—is opened in a singularly-uniform mass of 
compact andesite, dark purple or sometimes dark green in colour, 
with prominent dark-green augites. It is never markedly amygdal- 
oidal, and is much shattered and faulted, showing in places strings 
and patches of epidote. In the smaller and more northern quarry, 
and in the httle excavation between the two quarries, the rock is 
more weathered than in the main quarry, but the same general 
rock-type occurs throughout. It is very dificult to obtain any 
clear idea, either as to the thickness of the Moon’s-Hill trap, or as 
to its dip. The most prominent divisional planes traversing it dip 
in a south-south-westerly direction at an angle of about 40°, which 
would give a strike nearly at right angles to the igneous band as a 
whole. Mr. Dixon, however, detected a second series of divisional 
planes, dipping north-north-westward at a very high angle, and thus 
giving a strike coinciding with that of the igneous series as a 
whole, and with that of the lines of flow-structure which are some- 
times visible on the weathered surface. If these divisional planes 
really indicate the dip and strike of the trap, and if the high dip is 
maintained and there is no repetition by faulting, the thickness of 
the trap must be at least 900 feet. It is not, in any case, probable 
that the trap is less than 400 feet thick at Moon’s Hill. 

Fragments of trap were obtained along the hedge-bank to the 
south-east of Moon’s-Hill Quarry; but from this point until Tadhill 
Farm ~* is approached (a distance of about half a mile) no clear 

? «Summary of Progress of the Geological Survey for 1898’ (1899) p. 111. 

? In the 6-inch Ordnance-map two Tadhill Farms are shown—one south of 
the Frome Road and west of Tadhill House. the other north of the Frome 


Road and east of Tadhill House. When ‘ Tadhill Farm’ is referred to in the 
present paper the former of these is meant. 
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evidence of the presence of trap has been found, and it appears 
that the band is interrupted, as indicated in the Geological-Survey 
map. oom 


The Downhead and Tadhill mass.—Eastward of this 
interruption, the westernmost spot where trap occurs is at the 
corner of a field 300 yards south-west. of Tadhill Farm, where 
its presence was proved by trenching. Unmistakable evidence of 
the occurrence of the trap is afforded by abundant débris along the 
hedge-banks in the fields to the south-east of Tadhill Farm; and 
at one spot itis found in situ. A little farther east is a considerable 
exposure in a field, and from this point onwards abundant débris 
was found as far as the large new quarry at Downhead, where the 
trap is finely exposed and of the same general type as at Moon’s 
Hill and Sunnyhill. Trap- -fragments may be found along the 
hedge-banks almost: everywhere in the area between Tadhill House, 
Luxton’s Lane, and Downhead Quarry. Trap is further exposed 
in Luxton’s iane. north-west of Manor Farm; and fragments were 
found in a field to the east of the lane. | 


(2) The normal Tuffs and the associated Fossiliferous Rocks: 


Though tuff-débris has been met with at several points (indicated 
in the map, fig. 1, p. 220) in the western part of the area west- 
south-west of the ‘Waggon & Horses’ Inn, the material may have 
been derived from the matrix of the coarse ashy conglomerate. 
Tuff-débris was also noted at a little pond in a field west of Long- 
Cross Bottom. It is not, however, until Sunnyhill Quarry (Stoke 
Lane) is reached, that the tuff is seen in situ; here is exposed the 
finest and most interesting section in the whole area: the following 
beds are seen (fig. 3, p. 225) :— ete 
Thickness in feet. 


8. Andesite to top of section. 

7. Rather coarse tuff and shaly material ............... about 25 

Gx Andesite \. ...s2stcucs Cee EMRE AER LE + slosh «cc ten about 25 

o. Cutt mainly mabhenicoansemerereerert att. esa:4. eee eee (163 

4. Very fine red ash and ashy clay with many small lapilli, | 8 
passing down into a slightly-coarser red ash ............ 

8. Thickly-bedded, and in the main rather coarse tuff, dark } 22, 
when fresh, but Weatile mine wMAle tt ees... es saneeeeer iI 

2. Very fine red ashi Sama ee 3 

1. Much weathered, rather fine tuff, mainly soft and yellow, \ G0reeen 
but with harder bands containing Silurian fossils...... 3 

Total thickness of ashy series seen .................-ceeeeeeen eee 1603 


The dip of this series is 40 to 45 degrees N. 20° W., so as to give 
an east-north- -easterly strike, which agrees in the main with that 
of the igneous series as a whole, and is not very far removed from 
the strike of the chief axis of the Eastern Mendips. 
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Further detail with regard to the tuff in the 
foregoing section. 


7. This mass of tuff and shaly material was exposed during the 
latter part of 1906 by cutting back the northern side of the 
approach to the quarry. The top of the series appears to be 
regularly overlain by the trap, and to dip at 45° to 50° north- 
north-westward: that is, its dip is similar in amount and direc- 
tion to those of the tufts. below the whole trap-series. ‘The mass 
is, however, much crushed and disturbed, and the nature of its 
junction with the underlying trap (Band 6) could not be 
ascertained. Although probably interbedded, it is possible 
that it may be caught up by the trap or faulted in. Very 
little sign of it could be found in the south side of the quarry, 
though only some 20 yards distant. 

5. Band 5 is of the same general type as Band 3, but is not so well 
exposed. 

4, This is a very variable band, and includes the following rock- 


types :— 


(a) Fine, compact, red ashy clay showing no ashy material in a hand- 
specimen, although with the aid of the microscope the presence 
of such material can be detected. 

(b) Soft friable clay and very fine red or purple ash, with ashy 
particles (of an average length of 1 millimetre) mery thickly 
and evenly distributed. 

(¢) Compact, red ashy clay, with larger lapilli reaching to a fener of 
a centimetre or rather more, and showing a tendency to be 
arranged in layers. 


3. It would be difficult to finda more obvious example of a tuff than 

this rock, which consists of angular fragments of trap ranging in 
length from about three-quarters of an inch downward to asize 
such as to render them indistinguishable in a hand-specimen. 

2. This band, which is very poorly exposed, is of the same 
character as Band 4. . 

1. The hard bands in this tuff, which is always rather fine-grained, 
tend to weather yellow or green—not white or various shades 
of red and brown, as is the case with the other bands. 
Fossils occur chiefly in the upper part, and in the finer layers. 
The following fossils obtained from this band have been 
determined by Mr. F. R. Cowper Reed * :— 


Lindstremia ef: rugosa, Phill. Strophomena arenacea (?) Salt. 

Lindstremia cf. subduplicata, M‘Coy. , Pentamerus (?) rotundus (?) Sow. 

Orthis (Dalmanella) elegantula, | Lingula et. Symondsi, Salt. 
Dalm. (very common). | Orthonota (2). 

Rhynchonella Davidsoni, M‘Coy (very | Ctenodonta or Lyrodesma ay 
common). Pterinea sp. 

Meristina tumida (?) Dalm. Hortostoma globosum (?) Shey 


1 I wish to express my most sincere thanks to Mr. Cowper Reed, for his 
kindness in determining my fossils. This is only one of many occasions on 
which I have been indebted to him. 
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From Sunnyhill Quarry to near Tadhill Farm, a distance not 
far short of a mile, there is no clear evidence of the occurrence of 
normal tuff. Débris, it is true, was found at the corner of the 
field about 300 yards south-east of Moon’s-Hill Quarry, but was 
associated with trap-débris, and both may have been derived from 
the weathering of the coarse ashy conglomerate. 

In a field near the eastern corner of Walltyning Plantation, about 
300 yards south-south-west of Tadhill Farm, fragments thrown 
out by moles and rabbits were found to consist of fine tuff contain- 
ing Silurian fossils. Further search in the neighbouring hedge- 
banks and ditches yielded blocks from which some twenty varieties 
of Silurian fossils, identified by Mr. F. R. Cowper Reed, were ob- 
tained. Finally, a trench was dug to a depth of about 6 feet; this, 
after passing through some 18 inches of surface-material, entered a 
deposit consisting mainly of very fine yellow-and-brown ash, with 
subordinate bands of coarser ash. Many of the bands were crowded 
with fossils of the same species as those that had been obtained 
from the surface-blocks, and a further series of some fifteen 
forms was obtained. ‘The dip of the deposit was by no means 
obvious, but Dr. Strahan agreed with me in thinking that it was at a 
high angle—50° to 60°, and in a north-westerly or a north-north- 
westerly direction: that is, the strike coincided with that of the 
igneous band as a whole. Both in its lithological character and 
in its fossil contents the deposit shows 2 considerable resemblance 
to Band 1 in the Sunnyhill section. 

Farther east, normal tuff-débris has been met with at four spots 
indicated in the map (fig. 1, p. 220), and at one of them, in a field 
south of Downhead Quarry, Orthis elegantula and Rhynchonella 
Davidson were obtained from material thrown out by moles. 


The following fossils from Tadhill have been identified by 
Mr. F. R. Cowper Reed :— 


ACTINOZOA. 

Lindstremia subduplicata, M‘Coy. Favosites sp. 

Lindstremia elongata, Phill. Monticuliporoid Gudetenieiloy 
CriNnoIDEA. 


Pieces of stem. 


ANNELIDA. 
- Cornulites serpuiarius, Schloth. | Zentaculites anglicus, Salt. 
CRUSTACEA. 
Primitia sp. | Acidaspis sp. 
Beyrichia Kledeni, M‘Ooy. _ Encrinurus (2) sp. 
Phacops Downingie, Murch. (common). | | Cheirurus (2) sp. 
Phacops Stokesi, M.-Edw. | Lichas sp. 


Dalmanites caudatus, Brinn. — Calymene Blumenbachi, Brongn. 
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BrACHIOPODA. 


Orthis elegantula, Dalm. (very , Orbiculoidea rugata ? (Sow.). 
common). _ Spirifer crispus, His. 
Orthis basalis (/) Dalm. | Skenidium Lewisi (2) Dav. 


Strophomena compressa (2) Sow. Meristina tumida (¢) Dalm. 
Rhynchonella Davidsont, M‘Coy (very | Meristella crassa (?) Sow. 

common). | Rhynchospira Baylei, Sow. 
Rhynchotreta cuneata (?) Sow. | 


LAMELLIBRANCUIATA. 


Ctenodonta lingualis, Phill. Pterinea subfaleata, Conrad. 
Pterinea retroflexa, Wahl. Grammysia cingulata, His. 
GASTEROPODA. 


_ Platyceras sp. 


Horiostoma globosum, Sow. 
Trochonema sp. 


Pleurotomaria sp. 


Mr. Reed writes as follows with regard to these lists of fossils :— 


‘Sunnyhill.—tThe few very badly-preserved fossils in the ashy rock from 
Sunnyhill indicate a Silurian age— either Llandovery or Wenlock, but there are 
no characteristic species determinable (except perhaps Lingula Symondst), and 
' the collection is too small and the specimens too poor to fix precisely the age 

of the beds. 

*‘Tadhill.—The fauna of the Tadhill beds does not offer quite conclusive 
evidence as to its precise age, most of the species having a considerable vertical 
range throughout the Silurian. The fossils Lindstremia elongata and Cteno- 
donta lingualis suggest an Upper Llandovery age, and none of the other fossils 
that lave been specifically determined with certainty can be considered as 
hostile to this view. But we cannot help noticing the absence of certain typical 
Upper Llandovery species, such as Pentamerus oblongus and Stricklandinia 
lirata, which we might expect to find associated with such forms as Pterinea 
retroflexa, Spirifer crispus, Rhynchonella Davidsoni (the commonest fossil at 
Tadhill), Horiostoma globosum, Cornulites serpularius, Phacops Downingie, ete. 
These last-mentioned species might be of Lower Wenlock age, but there is no 
strongly-marked Wenlock facies in the fauna, nor any species peculiarly 
characteristic either of that horizon or of the Wenlock Limestone. The affinities 
_ with the Lower Llandovery and Ludlow are practically wé/ ; and it seems wiser, 
on the strength of Lindstremia elongata, to refer the beds to the Upper 
Llandovery rather than to any other horizon, 


(3) The Coarse Ashy Conglomerate. 


It has been already mentioned that a gap, of rather more than 
half a mile, in the trap-exposures extends between Moon’s-Hill 
Quarry and Tadhill Farm. This area is, however, occupied, in 
part at any rate, by a mass of coarse ashy conglomerate, probably 
the most remarkable rock in the district. It is best seen in a new 
quarry, opened in 1905 in a field north-north-west of Holland’s 
Copse, about midway between Moon’s-Hill Quarry and the farm 
called ‘ Yellow Marsh’, at a spot where no trace of exposures pre- 
viously existed. The rock proving unsuitable for economic purposes, 
the quarry was soon abandoned and is now half full of water. 
Probably a thickness of not less than 12 feet of ashy conglomerate 
would be seen, if the pit were dry. The rock which, so far as 
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opportunities tor observation go, is very uniform in character, 
consists of a fine-grained ashy matrix similar to that of the normal 
tuffs of the district, but embedded in this are blocks and pieces of 
rock, large and small, ranging in length up to as much as 18 inches. 
The great majority of the blocks consist of the local trap, and are 
thoroughly well-rounded: although, as shown in fig. 4, a certain 
proportion, especially of the larger blocks, are subangular. No sign 
of bedding could be detected, the blocks large and small being 
jumbled together in a most irregular manner. <A few pebbles of 
quartzite and of micaceous grit or sandstone occur, in addition to 
the trap-pebbles. Mr. Cowper Reed noticed that the smaller trap- 
fragments were in various stages of weathering before they were 


Fig. 4.—View of part of the new quarry in the coarse ashy conglo- 
merate, south-east of Moon's Hill, Stoke Lane, showing the 
subangular character of some of the blocks. 


embedded in the matrix. Irregular patches of a fine argillaceous 
tuff occur in the ashy conglomerate, and these were unsuccessfully 
searched for fossils. 

This quarry, although the best, is not the only exposure of the 
coarse ashy conglomerate. If one passes to the east, coarse 
conglomerate of identically the same type occurs in situ by a little 
pond just south of the road, and midway between Walltyning 
Cottage and Tadhill Farm, and blocks of the same rock were met 
with at three points in the fields north of the road. At all 
these points blocks of a fine-grained pale-green tuff occurred; but, 
in the main, the material consisted of a matrix of small angular 
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ashy particles, through which are scattered well-rounded pebbles 
of trap ranging up to a length of 6 inches. West of the quarry 
in coarse ashy conglomerate, no exposures of the rock in situ are 
met with, until the targets on Beacon Hili are reached; but, along 
the northern part of the new north-and-south fence connecting the 
Roman Road between Wells and Frome with the Beacon-Farm 
road, and at the eastern corner of the plantation north-east of 
Beacon Farm, much tuff is mingled with the trap thrown out by 
rabbits. It is extremely probable that this mingling of trap and 
tuff is due to the material bemg derived trom the weathering of 
the coarse ashy conglomerate, the matrix of which would yield the 
tuff-fragments, while the blocks would yield the trap-fragments. 
This area is shown as coarse ashy conglomerate in the map (fig. 1, 
2/220). 

: As eee mentioned, the coarse ashy conglomerate is seen in the 
small excavation south of Beacon Plantation, made for the pur- 
pose of erecting the targets of a rifle-range. The rock here closely 

: resembles that seen in 


: | the eastern part of the 
Fig. 5.—Rough plan of the trenches dug °)° © a, 

near the Rifle- Butts, Beacon Hill, an Comersinng of a 

on the scale of 100 feet to the inch, P#€-Sreen or grey matrix 


(Orientation north and south.) of fine tuff, enclosing 

large numbers of well- 

Beacon plantation. rounded blocks of trap 

eee peer Peas reaching a length of as 
Xe ands 


much as 6inches. Asso- 
ciated with the trap- 

Hy poe’ Uhlocks acerd amall num- 
Si . ber of grit-blocks. Old 
Meee oce eiencrate Red Sandstone is ex- 
7 ! posed on the slopes be- 
H low Beacon Plantation 

Rifle-butts 0 only 50 to 60 yards north 
Sictoswe of the targets, and it 
was hoped, by sinking 

Target-pit--~ trenches in the inter- 
vening tract, to ascertain 

the relation of the coarse 

ashy conglomerate to 

the Old Red Sandstone. 

Three trenches were 

sunk, practically cover- 

ing the whole stretch 

2paneeck A Aach aal between the targets and 

eter. the slope of the hill. All 

proved to be in coarse 

ashy conglomerate similar to that exposed at the targets; but the 
northernmost one, sunk immediately adjacent to the fence at the 
foot of the slope, showed a greater proportion of fine tuff and a 
smaller proportion of the large rounded blocks. A fourth trench 


i 
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opened 40 yards to the south of the target-pit again proved to 
be in coarse ashy conglomerate, and showed that the rock in this 
region extends over an area of 80 yards from north to south, and 
that 1t probably occupies the whole space between the northern and 
southern outcrops of the Old Red Sandstone. A fifth trench was 
dug on the slopes of the hill to the north; but this, after passing 
through 9 feet of Old Red Sandstone, was abandoned. 


Ill. Toe PerrocraPHiIcaAL CHARACTERS OF THE Rocks. 


(1) The Lava or Trap. 


Two specimens of the trap, one from Downhead and one from 
near Stoke Lane, were submitted to the late Mr. Frank Rutley 
and were described * by him. 
The Downhead rock he described as a compact dark-grey rock 
showing crystals of hornblende in a hand-specimen, and under 
the microscope octahedra of magnetite and crystals (probably) 
of titaniferous iron. In the absence of opportunity for further 
investigation he defined the rock as a felstone containing much 
magnetite and a little hornblende. 

The Stoke-Lane rock he described in a hand-specimen as a 


‘ brownish-grey rock showing numerous minute greenish or colourless crystals 
with a vitreous lustre.’ (Op. cit. p. 208.) 


Under the microscope, the rock appeared to be rich in orthoclase 
and plagioclase, and minute crystals of hornblende or augite could 
be detected. He applied the term ‘ devitrified pitchstone-porphyry ’ 
to the rock. 

Sir Archibald Geikie and Dr. Strahan submitted specimens taken 
from Beacon Hill and from Moon’s-Hill Quarry to Dr. Teall, who 
pronounced them to be undoubted andesites, his report being as 
follows * :— 

‘BH. 3195 (11), Beacon Hill. 

‘Conspicuous phenocrysts of plagioclase, and pseudomorphs after [mis- 
printed ‘often’ in the original] a ferromagnesian constituent (augite or 
enstatite), in a felsitic matrix containing traces of felspar-microlites. The 
rock is too much altered for precise determination, but it undoubtedly belongs 
to the andesites. 

‘KE. 3197 (18), Moon’s-Hill Quarry. 

‘A dark-coloured andesite composed of phenocrysts of plagioclase, augite, 
and green serpentinous pseudomorphs after enstatite (?), in a microlitic 
groundmass.’ 


The Moon’s-Hill mass.—The Moon’s-Hill rock being the 
best exposed, the most accessible, and the most easily obtained in 
a fresh state, may conveniently be described first. A thoroughly- 
fresh specimen of the typical rock shows an abundant dark greyish- 
purple matrix with numerous dark-green phenocrysts of pyroxene 


1 « Geology of East Somerset & the Bristol Coalfields’ Mem. Geol. Surv. 1876, 
App? i, pp. 208-209. 
2 «Summary of Progress of the Geological Survey for 1898’ (1899) p. 111. 
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reaching a maximum length of 2 millimetres, but generally 
smaller. Only a few small felspar-phenocrysts are to be seen. 

Under the microscope, the very abundant groundmass is seen to 
be microlitic, and to be full of minute felspar-needles which show 
a general parallelism of arrangement and flow-structure round the 
phenocrysts. There is some peroxide of iron and a good deal of 
leucoxene in the groundmass. The ferromagnesian phenocrysts 
clearly include two minerals—augite and a rhombic pyroxene. 
The augite is perfectly fresh, and shows the normal cleavage, 
extinction, and brilliant polarization-colours. The rhombic 
pyroxene is represented by pale, often regularly-idiomorphic 
pseudomorphs, with straight extinction. They are almost certainly 
bastite-pseudomorphs after enstatite (see Pl. XVIII, fig. 1). They 
frequently enclose small patches of epidote, and are sometimes 
intergrown with the augite. The felspars are sometimes so much 
altered, that all sign of twinning and cleavage has disappeared ; 
in other sections, however, they are much fresher, and exhibit 
twinning on the Carlsbad and albite-types, and low extinction- 
angles with maxima of 10° to 12°, showing them to be probably 
oligoclase-andesines. Epidote is prominent as an alteration-product. 

Another section, taken from the top of the cliff on the south 
side of Moon’s-Hill Quarry, shows rather abundant epidote, small 
irregular vesicles filled with a chloritic mineral, and much red 
oxide of iron aggregated round the vesicles and crystals. Yet 
another specimen, taken from the small excavation between the 
two quarries, contains very numerous small vesicles filled with a 
green chloritic mineral. Hight other sections taken from different 
parts of the quarry, though varying as regards the extent to which 
alteration of the phenocrysts has taken place, are all of essentially 
the same type as the rock already somewhat fully described. 

The specific gravity of the typical Moon’s-Hill rock, which was 
kindly determined by Mr. O. C. M. Davis, B.Sc., is 2°72. An 
analysis made by Mr. E. M. Lane in the Chemical Laboratory at 
University College, Bristol, gave the following result :— 


Per cent. 

SION Po tereacdot toad cusnntue 62°40 
al AD aes eee mae en ee 14°80 
Bes OP ees cue cas alk oe 11-20 
OME Asie oie ws ot eco 5°12 
INO eset icant sande trace 
K,O 
EAOMia cee 6°48 

Gta 3 chase 100-00 


The most remarkable point about this analysis is the very small 
amount of soda present. 


The Sunnyhill and Beacon-Hill mass.—The rock imme- 
diately overlying the tuff in Sunnyhill Quarry is of the same 
type as that at Moon’s Hill, but finer-grained and with much 
glass so as to be nearly isotropic in polarized light. The pheno- 
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erysts are smaller than those generally occurring in the Moon’s-Hill 
rock, and consist only of felspar, pyroxene not being met with. 
A slice cut from a specimen taken from the top of the quarry 
shows, however, numerous bastite-pseudomorphs after rhombic 
pyroxene and a-smaller number of felspars. Flow-structure is 
very well shown in both sections. (See Pl. XVIII, fig. 2.) 

When followed away from Sunnyhill Quarry in the direction of 
the ‘ Waggon & Horses’ Inn, the rock is seen to become less fine- 
grained, and phenocrysts of pyroxene and plagioclase assume 
prominence. 

The most abundant rock on the south-eastern slopes of Beacon 
Hill is of a coarse grain, with relatively more abundant felspar- 
phenocrysts than any other rock from this part of the district. The 
very low (5°) extinction-angles of some of the felspars are sug- 
gestive of oligoclase. 


The Downhead and Tadhill mass.—In the main, the rocks 
of the Downhead mass are very uniform in character, and remark- 
ably like those of Moon’s Hill. There is an abundant groundmass, 
with minute felspar-needles and a considerable amount of glassy 
matter; while the phenocrysts include, in addition to plagioclase, 
both enstatite and augite. The enstatite-crystals are often partly 
replaced by a yellow serpentinous mineral, and the felspars are, 
as a rule, in a very advanced state of alteration. The plagioclase- 
phenocrysts are more numerous in one of the rocks from Downhead 
Quarry than in any other from the district. 

A section cut from a block found in the field east of the farm 
called Yellow Marsh, and probably derived from the coarse ashy 
conglomerate, is of a type somewhat distinct from all the other 
rocks of the district. It is mainly composed of short square-ended 
crystals of plagioclase, the length of which is often equal to their 
breadth. The crystals are all of much the same size, and clearly 
belong to one generation. They are packed fairly close together, 
but between them is a certain amount of glass, enclosing felspar- 
microlites and small serpentinized enstatites in considerable 
numbers. <A few bigger pseudomorphs after enstatite also occur, 
but there are no large felspars. There are also a few small 
vesicles filled with a chloritic mineral. 

Sections of the trap, from blocks in the coarse ashy conglomerate 
west of Tadhill Farm, contain especially large pyroxene-crystals 
again more or less replaced by bastite or serpentine. 


Summing up the characters of the lava or trap, we find that the 
rocks show remarkably-little variation in general character, and 
are all pyroxene-andesites. Small pseudomorphs after rhombic 
pyroxene are invariably present, and frequently fresh augite in 
addition. The groundmass is nearly always very prominent, and 
the felspars occur in the form of microlites, laths, and much- 
altered phenocrysts of plagioclase, the extinction-angles of which 
show them to be probably oligoclase or oligoclase-andesine. 
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(2) The normal Tufts. 
These show a considerable amount of variability in character. 
The following types may be distinguished :— 

(a) Tuff of moderate coarseness, with fragments ranging up to a length of 
three-quarters of aninch. This type is best seen in Sunnyhill Quarry, 
where it forms Bands 3 &5 and part of 1. Sections of this rock show 
andesitic fragments of various types mingled with felspar-crystals 
and occasionally small pieces of sandstone. This type grades into 
(6) and (c). (See Pl. XVITI, fig. 3.) 

(6) Felspathic tuff. This is the type of rock from which many of the 
fossils found near Tadhill Farm were obtained. It consists of 
andesitie fragments and broken crystals of weathered felspar in fairly- 
equal proportions. (See Pl. XVIII, fig. 4.) 

(c) Fine yellow ash. ‘This forms the bulk of the soft and generally much- 
weathered material of Band 1 in Sunnyhill Quarry; it is also 
the prevailing and most fossiliferous type of rock cut through by 
the trench and thrown up from rabbit-holes south-west of Tadhill 
Farm. It consists mainly of small andesitic particles. 

(d@) Fine red ash and ashy clay, with or without larger ashy particles. 
This type of rock, which has already been somewhat fully reterred to, 
is met with only in Sunnyhill Quarry, where it forms Bands 2 & 4. 


In all these tuffs the great majority of the fragments, though 
showing a certain amount of variability in the size and relation 
of the felspar- and pyroxene-phenocrysts and in the presence or 
absence of vesicles, are of the same general type of pyroxene- 
andesite as the associated trap; some, however, are more basic. 
In some cases, the fragments are converted into green palagonite. 
Sometimes the rock consists entirely of trap-fragments, or of 
fragments mingled with felspar-crystals which were no doubt 
derived from the same source as the fragments; but, as a rule, 
there is a certain amount of sedimentary material present, some- 
times definite fragments of sandstone, more often quartz-grains. 
In no case is there any sign of a calcareous matrix, such as 
characterizes the (probably) contemporaneous tuffs of the Tort- 
worth district’ and the neighbouring Carboniferous tuffs of the 
Weston-super-Mare district.’ 


(3) The Coarse Ashy Conglomerate. 


As has been already noted, the rock forming the vast majority 
of the blocks is the trap or lava of the district, and its characters 
have already been described. There is however, especially in the 
area to the south-east of Moon’s Hill, a very considerable proportion 
of non-igneous matter—quartzite, grit, and sandstone of various 
types, occurring both in large fragments and in particles of micro- 
scopic (dimensions. Quartz-grains too are very plentiful. In most 
cases the grit and sandstone-fragments, however small, have well- 
rounded outlines. The non-igneous material is far more abundant 
in the coarse ashy conglomerate than in the normal tuffs. The 
ashy particles, although mainly of types closely resembling the 
trap or lava of the district, include some which are rather of a 
trachytic than of an andesitic character. (See Pl. XVIII, figs. 5 & 6.) 

1 Quart. Journ. Geol. Soc. vol. lvii (1901) p. 271. 
? Ibid. vol. 1x (1904) p. 154. 
@.3-.G. 5. No, 2a0 R 
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IV. THe Mervat Retarions anp Nature oF THE Rocks. 


Of the four rock-types exposed in the area—Old Red Sandstone, 
trap, normal tuff, and coarse ashy conglomerate—the only types 
the mutual relationship of which is clearly seen in the field are 
the trap and the normal tuff. The trap succeeds the normal tuff 
with perfect conformity at Sunnyhill Quarry, the series dipping 
north-north-westward at an angle of 40° to 45°. The occurrence 
of tuff-débris at several points along the southern outcrop of the 
trap is in accordance with the evidence at Sunnyhill, and indicates 
the occurrence of a continuous band of tuff underlying the trap. 

In all probability, the Old Red Sandstone rests with discordance 
upon the whole igneous series, as at one point or another it is seen 
in close relation to each of the three members of the series. Thus, 
_at Beacon Hill, it is exposed on the hillside above the coarse ashy 
conglomerate, and (if not faulted) its dip is such as to bring it over 
the conglomerate (see fig. 6, below). 


Fig. 6.—Section passing southward from Beacon Plantation, 
on the scale of 150 feet to the inch. 
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debris ' 
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Coarse ashy conglomerate 


At Downhead, on the other hand, it is seen on the slope of the 
hill, while the fossiliferous tuff occurs a few yards down the slope 
(see fig. 7, below). 


Fig. 7.—Section from Tadhill House to Bottlehead Springs, 
on the scale of 6 inches to the mile. 
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At many localities there is evidence of its occurrence in rela- 
tion to the trap. Such a discordant relationship is what would be 
expected from the fact that there is no evidence of the presence of 
the upper horizons of the Silurian Series. 

The possibility of the occurrence of a thrust-plane between the 
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Old Red Sandstone and the Silurian Series must also be borne in 
mind, especially in view of what has taken place at Ebbor, and 
perhaps at Vobster and Luckington. In the Kidwelly and Tenby 
district, too, which in many respects forms a continuation of the 
Mendip area, Mr. EK. E. L. Dixon has recently discovered thrusting 
on a large scale. 
With regard to the coarse ashy conglomerate, both its nature and 

its field-relationship are obscure. 
The following possibilities suggest themselves as to its nature :— 
(1) That it may be the basement-conglomerate of the Old Red Sandstone. 
(2) That it may be an aqueous deposit of the same general age, and 
belonging to the same igneous series, as the associated traps and 

normal tufts. 

(3) That it may be an old river-gravel, deposited during a terrestrial 
period subsequent to the fossiliferous Silurian and prior to the Old 

Red Sandstone of the district. 


(4) That it may represent the necks of the volcanoes from which the trap 
and normal tuff were ejected.* 


These possibilities may now be considered in order :— 


(1) That the coarse ashy conglomerate is the basement-con- 
glomerate of the Old Red Sandstone.—This view, although at first 
sieht attractive, is not supported by field-evidence, as the Old Red 
Sandstone, as already pointed out, almost certainly rests directly 
at one place upon the fine tuff, at another upon the coarse ashy « 
conglomerate, and at others upon the trap. The character of the 
matrix too, which is a normal tuff closely resembling some of the 
undoubtedly Silurian tuffs of Sunnyhill Quarry, is opposed to this 
view, as it is very unlikely that tuffs of almost identically the same 
character should have been thrown out in the same district in 
Llandovery (or Wenlock) and again in Old-Red-Sandstone times ; 
and there is no suggestion anywhere else in the Old Red of the 
South of England of the occurrence of any igneous matter. 


(2) That the coarse ashy conglomerate is an aqueous deposit of 
the same general age, and belonging to the same igneous series, as 
the associated traps and normal tuffs.—The difficulty, if it be a 
difficulty, of this view is that it implies that, after the outpouring 
and complete solidification of the lavas, they became subject to 
prolonged erosion, during which the resulting blocks (with relatively- 
few exceptions) were thoroughly rounded and were finally mingled 
with a large amount of fine ashy material of much the same type as 
that which had been previously ejected, due to a renewed outburst of 
voleanic action. This might readily have taken place, if the water in 
which the fossiliferous tuffs were laid down, originally shallow, had 
been partly filled up by the outpouring of trap, so as to bring the 
upper portion of the trap under the influence of breakers. According 
to this view, the coarse ashy conglomerate is the newest rock of the 
‘igneous series; aud as the series is found, where dips are obtainable, 
to dip northward, it should occur to the north of the outcrop of the 
other rocks. Only at one point—in the area south-west of Tadhill 

1 T submitted specimens and sections of the coarse ashy conglomerate to 


Mr. A. Harker, F.R.S., and Dr. J. 8S. Flett, and am much indebted to them for 
help in considering the nature of this puzzling deposit. 
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Farm—have the three types of igneous rock been met with in regular 
series as one passes across the igneous band;—the coarse ashy 
conglomerate is exposed by a litule pond just south of the main 
road, and the trap and fossiliferous tuff were proved in trenches. 
The probable relation of the three rocks is seen in the appended 
section (fig. 8). The fact of this succession not having been observed 


Fig. 8.—Section a quarter of a mile south-west of Tadhill Farm. 
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elsewhere in the district, would be readily explicable by the badness 
of the exposures and by the overlap of the Old Red Sandstone. 

The extremely-irregular character of the coarse ashy con- 
glomerate and the absence of any sign of stratification tell against 
this view. 


(3) That the coarse ashy conglomerate may be an old river- 
gravel, deposited during a terrestrial period subsequent to the 
fossiliferous Silurian and prior to the Old Red Sandstone of the 
district.—A deposit of this character from Glen Brittle House 
(Skye) is described by Mr. Harker,’ and agrees closely with the 
Mendip rock: (a) in the rounded character of the blocks; (0) in 
the occurrence of sedimentary material as well as material derived 
from the associated lavas; (c) in the fact that the conglomerate 
sometimes passes into a tuff devoid of pebbly material; and (d) in 
the ashy character of the matrix. Mr. Harker writes of my 
specimens, 

‘The specimens are remarkably like the fluviatile volcanic conglomerates of 
Skye, Rum, and Mull!’ 


The patchy distribution of the Mendip rock would agree well 
with its being a fluviatile deposit. On the other hand, the 
microscopical characters of the matrix are rather those of an 
original tuff than of a tuff re-sorted and re-deposited by water- 
action. A further point of difference between the Mendips and the 
Western Highlands of Scotland is that, while in the latter region the 
igneous series as a whole is terrestrial, in the Mendips the igneous 
series includes marine fossils. 


(4) That the coarse ashy conglomerate may represent the necks 
of the volcanoes from which the trap and normal tuff were ejected.— 
The uniformity in texture of the rounded trap-blocks throughout 


1 «The Tertiary Igneous Rocks of Skye’ Mem. Geol. Surv. 1904, p. 25. 
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their whole diameter and the absence of any vesicular centre make 
it impossible to regard them as bombs; and, according to the view 
that the coarse ashy conglomerate represents the agglomerate of 
necks, the blocks would be considered to have been ejected by the 
volcano in an already solidified state, and to have gained their present 
character by friction against one another in the throat of the volcano, 
or perhaps partly in the air. In their well-rounded and non- 
vesicuiar character, the blocks closely resemble those met with at the 
base of a thick mass of tuff of Llandeilo age in Tan-y-graig Quarry, 
near Builth. 

The occurrence of the coarse ashy conglomerate in two well- 
marked regions, one at the extreme western end of the area and the 
other in the gap between the two large trap-masses of Downhead— 
Tadhill and Moon’s Hill is, so far as it goes, in favour of regarding 
the rock as forming two necks. ‘The chief objection to this view is 
found, as already stated, in the remarkably well-rounded character 
ot the great majority of the blocks, large and small, which is 
strongly suggestive of water-action. 

The microscopical character of the matrix agrees well with the 
‘neck theory,’ as does the complete absence of stratification. 

On the whole, although there is little to choose between theories 
(2) and (4), the latter or the ‘neck theory’ appears to agree best 
with the observed facts. 


The series of fossils found is, in Mr. Cowper Reed’s opinion, 
sufficient to prove that the rocks are definitely older than the Ludlow, 
and in all probability of Llandovery age. The only other Silurian 
volcanic series known in England, that of the not very far-distant 
Tortworth district, is also of Llandovery age.* 

In the absence of a conformable sequence between the Silurian 
and the Old Red Sandstone, the Hastern Mendips are in accord with 
Gower, where the Old Red, which is much attenuated, especially in 
its lowest subdivision, rests with probable’ unconformity upon the 
Silurian. 

At '‘lortworth, too, where the Old Red is reduced to a thickness 
of some 200 or 300 feet, it is probable that the Ludlow Beds, 
although shown in the Survey-map, are not represented,’ and that 
the Old Red rocks rest directly upon the Wenlock. The only 
locality in Gloucestershire or Somerset where there seems to be a 
possibility of a conformable sequence between the Silurian and the 
Old Red Sandstone is at Tite’s Point on the Severn; but the section 
here does not seem to have been restudicd since Phillips * described 
it, and it is much to be regretted that the thick deposits of Severn 
mud render an adequate examination of the exposures almost 
impossible. 

' See Quart. Journ. Geol. Soc. vol. Ivii (1901) p. 271. The upper ash-band 
is here considered to be probably of Wenlock age, but the finding of a further 


series of fossils, including Stricklandinia lirata, proves the horizon to be 
Llandovery. 

> “Summary of Progress of the Geological Survey for 1901’ (1902) pp. 38-40. 
3 ©. Lloyd Morgan, Brit. Assoc. Handbook to Bristol district (1898) p. 12. 


* Mem. Geol. Surv. vol. ii, pt. i (1848) p. 192. 
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V. SumMAry AND CoNCLUSIONS. 


It is claimed that this paper establishes the following points :— 

1. That the trap-rocks of the Eastern Mendips are not intrusions 
in the Old Red Sandstone, but contemporaneous flows associated 
with an underlying series of normal tuffs, and with a mass of coarse 
ashy conglomerate which probably forms two necks marking the © 
source whence the other igneous matter was ejected. 

2. That the finer tufts contain a considerable series of fossils of 
(probably) Upper Llandovery age, proving that the whole volcanic 
episode took place in Silurian times. The area is therefore closely 
comparable to that of Tortworth, and constitutes a second district in 
Great Britain in which volcanic rocks of Silurian age are known to 
occur. The occurrence is established of an additional inlier of 
Silurian rocks at a distance some 30 miles farther south than they 
had been previously recognized in the West of England. 

3. The andesitic character of the lavas is confirmed. 


EXPLANATION OF PLATE XVIII. 


Fig. 1. Pyroxene-andesite, Moon’s Hill—The section shows parts 
of a well-formed bastite-pseudomorph after enstatite, and of a broken 
augite-crystal. > about 12. See p. 230. 

2. Pyroxene-andesite, Sunnyhill.—On the right is a weathered 
plagioclase-crystal, on the left are several bastite-pseudomorphs after 
enstatite; round these the groundmass, which contains much ferric 
oxide, shows fluxion-structure. X about 12. See p. 231. _ 

3. Tuff-band No. 3, Sunnyhill.—The rock consists mainly of andesitic 
fragmeuts of several types, mingled with a certain number of broken 
felspar-crystals. These are all closely packed together, and in some 
cases the fragments are much stained with ferric oxide. X about 12. 
See p. 233. 

4. Fossiliferous felspathic tuff, south-west of Tadhill 
Farm.—The section shows broken felspar-crystals, and andesitic 
fragments, which are often converted into a yellow palagonitic 
substance, mingled together in fairly-equal proportions. xX about 15. 
See p. 233. 

5. Matrix of the @oarse ashy conglomerate, New Quarry 
south-east of Moon’s Hill.—The section shows (1) numerous 
quartz-grains, (2) well-rounded and subangular pieces of grit, (3) ashy 
fragments of more than one type. xX about 15. See p. 233. 

6. Matrix of the coarse ashy conglomerate, Butts, Beacon 
Hill.—The rock is mainly composed of small andesitic fragments 
often strongly iron-stained, and showing very irregular outlines. 
Some felspar-crystals and quartz-grains are also present. x about 15. 
See p. 233. 

Disctssion. 

The Cuatrman (Dr. A. Srranan) remarked that this paper showed 
how much might remain to be learnt in districts which appeared to 
be well known. He had himself crossed the region afew years ago, 
and had seen no reason to suspect the existence of a Silurian inlier. 
Since then a number of sections had been opened ; and, in a recent 
visit to them and to tbe various trenches opened by the Author, 
he had been impressed with the conclusive character of the evidence 
brought forward. To what precise part of the Silurian system the 
fossiliferous ashes should be referred was a minor point; the chief 
interest lay in the existence of the inlier and in the determination 
of the Silurian age of the volcanic group. The ‘ashy conglomerate,’ 
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as he saw it, did not present the characters of a deposit which had 
been sorted or distributed by water. It was true that the included 
lumps were well worn, so that the material as seen from a few yards’ 
distance resembled pebble-gravel, but the absence of stratification 
and the character of the matrix both indicated a volcanic origin. 
Some of the ashes, on the other hand, shown to him by the Author 
were not only well stratified, but teemed with fossils. 

The comparison with Gower was most instructive. In both cases 
it appeared that the Upper had overlapped the Lower Old Red 
Sandstone. Presumably the Lower Old Red Sandstone had thinned 
away on the flanks of eminences in the platform on which the red 
rocks were laid down; but there did not appearany reason why post- 
Carboniferous anticlines, such as those of the Mendips and Gower, 
should coincide in position with such eminences. At any rate, the 
existence of the overlap would assist in the exact separation of 
the Upper from the Lower Old Red Sandstone, which was attended 
with great difficulty in the South-West of England and Wales. 

The paper furnished a notable increase to our knowledge of an 
interesting region. 

The Rev. H. H. Wiywoop said that, since Charles Moore’s dis- 
covery in 1866 of the past traces of igneous action on the Mendips, 
recent quarrying at Moon’s Hill, Sunnyhill, and elsewhere had 
enabled the Author to bring before the Society the result of his 
important investigations. If the igneous series now described was 
contemporaneous with the Silurian, as seemed fairly shown by the 
fossils, and that farther west had been accepted as contemporaneous 
with the Old Red Sandstone, then there must have been two out- 
bursts separated by a long lapse of time. With reference to the 
remarkable section of ‘ashy conglomerate’ at the New Quarry, 
the speaker was pleased to find that the suggestion had been made 
that the ‘neck’ might be sought for in that direction: this 
coincided with the view that he had himself entertained. Might 
not the rounded and subangular masses of trap have been caused 
by a submarine outburst and subsequent rolling? The Mendip 
area had been full of surprises, as the Chairman had remarked. 
It remained for such careful and accurate observers as the Author 
to reveal still more surprises, and there was yet much work to be 
done by the younger geologists in that district. 

Prof. Sotas felt grateful to the Author for removing a grievance 
which he, in common with all students of the locality, felt that 
they had against the Mendips, since these mountains seemed to 
promise, fold after fold, to bring Silurian to the surface, without 
actually doing so. Now they learnt that, in its very last fold 
before this range plunged out of sight beneath the sediments to the 
east, the promised Silurian had appeared. If the determinations of 
the paleontologists as to the horizon of the Silurian could be 
accepted, general conclusions of an interesting nature followed: 
for both Gower and the Mendips lay on the northern boundary of 
the Armorican chain, and the absence in these regions of the 
higher members of the Silurian suggested that a folding, which 
as the antithesis of posthumous, might be spoken of as prophetic, 
had already marked this line of weakness. The Tortworth un- 
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conformity was prophetic of the Malvernian movements. The 
association of volcanic activity with the anticipatory folding was 
of great interest. In the Cardiff area which lay to the north of 
the Armorican margin, the Silurian was complete as regarded its 
upper members, and passed insensibly into the Old Red Sandstone, 
so that in this locality sedimentation was continuous. <A sub- 
sidence might possibly have occurred there in complement of the 
rise on the south. It must, however, be added that the deter- 
mination of the horizon of the Mendip Silurian rested on extremely 
uncertain data. Most of the fossils were of wide range, and the 
general facies recalled that of the Ludlow, near Rhymney. Obser- 
vations on volcanoes in a persistently-active state as Vuleano was 
for a considerable period, afforded reason to believe that the rounding 
of fragments in an agglomerate might be produced as a consequence 
of repeated explosions. 

Prof. W. W. Warrs congratulated the Author on having at last 
definitely found that in Britain there were volcanic rocks of Silurian 
age. He suggested that the difficulty as to the exact age of the 
rocks, whether Llandovery, Wenlock, or Lower Ludlow, might be 
solved if it was remembered that the Llandovery formation was 
laid down during subsidence of an old land-surface. Hence the 
deposits crept up the flank of the old land, and deposits of precisely- 
similar lithological character might be of different ages, and yet 
retain a similar facies of fossils, related to the Llandovery Beds 
because of the similarity of deposit, but related to the Wenlock or 
Lower Ludlow because of identity in time of deposition. 

Mr. J. VY. Espen said that he noticed that, whereas the 
contemporaneous lavas appeared to be pyroxene-andesites, the 
spherical fragments in the coarse, ashy conglomerate, judging from 
the microscope-section exhibited, appeared to be of a different, 
although allied, type. He would like to ask the Author whether 
any of the neighbouring lava-flows resembled the latter type. 

The AurHor thanked the Fellows for the favourable reception 
that they had accorded to his paper. He was glad to know that 
the Chairman and Prof. Sollas saw nothing inconsistent with the 
‘neck theory’ for the coarse ashy conglomerate in the well-rounded 
character of the majority of the blocks. Prof. Sollas’s comparison 
of the Mendip and Tortworth areas with that of Cardiff was very 
interesting, and it was unfortunate that the Mendip Silurian fossils 
did not afford more conclusive evidence as to the exact age of the 
deposit. The Author welcomed Prof. Watts’s suggestion that the 
peculiar character of the fossils might be due to the deposit having 
been laid down in shallow water. In reply to Mr. Winwood, he 
said that the volcanic episode in the Tortworth area belonged, in all 
probability, entirely to Llandovery time. In reply to Mr. Elsden’s 
enquiry concerning the ashy fragments in the tuffs, the Author 
stated that they showed a considerable amount of variability, and 
were sometimes of types not precisely to be paralleled among the 
neighbouring lava-flows. The majority were of the same nature as 
the associated andesitic lavas, but some were more basic, and others 
were suggestive of trachyte. The dark coloration of many was due 
to the abundance of ferric oxide. : 
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Il. InrropucrTion. 


In June 1894 I read a paper before this Society, ‘On the 
Microscopical Structure of the Carboniferous Dolerites & Tuffs 
of Derbyshire’ Quart. Journ. Geol. Soc. vol. 1, pp. 603-44 & 
pls. xxiv-xxv. At that time I had made no attempt to establish 
the relations in the field between the igneous rocks and the lime- 
stones in which they occurred. During the interval which elapsed 
between the acceptance of my paper by the Council of the Society 
and the reading of it, I had the pleasure of taking Sir Archibald 
Geikie over some typical parts of the district. He pointed out that 
some of the toadstones were contemporaneous with the limestone, 
others intrusive, and others represented the vents through which the 
volcanic material was brought to the surface; and that, in order to 
arrive at the history of the toadstones, careful re-mapping of the 
whole district would be necessary. 

In 1897, in his ‘Ancient Volcanoes of Great Britain’ vol. u, 
p. 12, Sir Archibald expressed the opinion that 
‘the number of successive platforms on which igneous materials appear will 
never be satisfactorily determined until the stratigraphy of the Derbyshire 
Carboniferous Limestone is worked out in detail. When the successive members 
of this great calcareous formation have been identified by lithological and 
palzontological characters over the whole district, it will be easy to allocate 
each outcrop of toadstone to its true geological horizon.’ 

Since November 1894, I have mapped the toadstones on the 
6-inch Ordnance maps and in some places on the 25-inch maps ; 
I have also examined many hundreds of new thin slices of rock, 
made from specimens collected during the twelve years since my 
first paper was read. 

Although I am unable to furnish a complete account of the 
volcanic history of the county, I consider that itis more conducive 
to the progress of geology to publish the results of my investigations 
up to the present, than to keep them back until the different 
members of the Mountain Limestone have been separated and 
identified by lithological and paleontological characters. 


Q.J.G.8: No. 251. hats 
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This decision is, | think, amply confirmed by the valuable work 
which has recently been accomplished by Dr. Arthur Vaughan and 
other workers on the paleontological zoning of the Carboniferous 
Limestone. In the discussion on Mr, T. F. Sibly’s paper, read before 
this Society on February 7th, 1906, on the Carboniferous Limestone 
of the Mendip area, Mr. C. B. Wedd stated that 


‘in Eastern Derbyshire the coral- and brachiopod-faunas of the upper part of 
the Carboniferous Limestone agreed closely with the Dibunophyllum-Zone of 
Dr. Vaughan’s classification .... All the Upper Limestone, at least down to 
the second bed of toadstone, could be assigned with confidence to the upper 
Dibunophylium-Zone (D2). This included nearly the whole of the limestone 
exposed in the neighbourhood of Wirksworth, Cromford, Bonsall, Matlock, and 
Derby, and all the strata seen in the inliers of Orich and Ashover,’ ? 


It appears, therefore, that the palzontological zoning already 
accomplished is not sufficient to separate the limestone into divisions 
thin enough to enable us to determine the platforms of volcanic 
activity in the above-mentioned neighbourhood. On the other hand, 
it is possible that the present paper, which is based upon the strati- 
graphy and petrology, may be of some service to the paleontologist 
in his endeavours to zone the limestones, 

The district over which the toadstones are seen may be divided 
into three main areas of volcanic activity, between wines there are 
no exposures of igneous rock. 


I. The North-Western or Miller’s-Dale area (map, P]. XIX). 
II. The South-Eastern or Matlock area (maps, Pls. XX & XXT), 
III. The South-Western or Tissington area (map, Pl. XXII). 


In each of these areas are lava-flows, bedded tuffs, and volcanic 
vents ; and in the Miller’s-Dale and Matlock areas several intrusive 
sills as well. 

In the Miller’s-Dale and Matlock areas the igneous rocks are, 
with the exception of the Hopton Vent, entirely in the Mountain 
Limestone, and two main lava-flows may be traced for a distance of 
several miles. But in the Tissington area the igneous rocks occur 
mostly in the Yoredale Shales (limestone-shales), and lava plays only 
a subordinate part. The following are some of the reasons for 
separating the Miller’s-Dale from the Matlock area. In the former 
the upper lava is the thicker and extends over a greater district 
than the lower, while in the latter the lower lava is the thicker and 
extends over a greater district than the upper. In the Miller’s-Dale 
area the lavas are separated by about 150 feet of limestone, and 
in the Matlock area by from 80 to 100 feet of limestone. The upper 
lava of Miller’s Dale is on a lower horizon than the lower lava of 
Matlock, and the limestones above it contain at least two bands of 
interbedded tuff. 

‘In the shaft of Dirt-Low Mine, half a mile east of Sheldon (map, 
Pl. XIX), three beds of toadstone were seen. In the Geological- 
Survey Memoir on ‘The Geology of the Carboniferous Limestone, 


1 Quart. Journ. Geol. Soc. vol. 1xii (1906) p. 379. 
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etc. of North Derbyshire’ 2nd ed. (1887) p. 140, the following 
section is given :— 


Black limestone \ 90 
sn ge ae Ree 
Black limestone. ..:.:0.<s.<se0 60 
. Toadstone. 

White limestone. 

. Toadstone. 
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It is probable that No. 2is the upper lava and No. 6 the lower lava 
of the Fin-Cop area, and that No. 3 is part of the New Bridge Sill. 
But in the Magpie Mine (op. et. p. 141), a short distance south of 
Sheldon, a shaft was sunk in the limestone through 738 feet without 
reaching toadstone. About 200 feet north of the Magpie Shaft, in 
an old quarry, the limestones are horizontal ; and about half a mile 
to the south-east the dip is 5° southward. The depth of the shaft, 
therefore, gives the thickness of the beds at right angles to the 
bedding. 

As the bottom of the lower lava in the Miller’s-Dale area is about 
670 feet below the Yoredale Series, and the shaft started below the 
top of the Mountain Limestone, there is no doubt that the beds at 
the bottom of the shaft are below the horizon of the lower lava of the 
northern area. We may conclude, therefore, that the shaft was 
sunk through the limestones which lie geographically between the 
north-western and the south-eastern areas of volcanic activity. 

The Miller’s-Dale and Matlock areas have not only a separate 
voleanic history, but also a separate petrological one. In the former 
the thin limestones with chert-bands attain a thickness of at least 
400 feet, while in the latter they are only about 50 feet thick. 


Il. Tar Norta-Western orn Mirer’s-Date AREA. 
(See Map, Pl. XIX.) 


The northern and most extensive of the three areas of volcanic 
activity extends from Castleton on the north to Great Low on the 
south, and from Buxton on the west to Ashford on the east, covering 
a superficies of about 72 square miles, 

The igneous rocks consist of at least two lava-flows, also of bedded 
tuffs, vents, and sills. The two main lava-flows are separated by 
about 150 feet of limestone. There are, in addition, several small 
outcrops of lava which I have not at present been able to correlate 
definitely with the two main flows, 


The Upper Lava. 


The upper flow may be easily traced from a short distance west 
of Litton Mill, in the railway-cutting on the southern side of the 
dale of the Wye, thence along the railway to Miller’s-Dale Station, 
through the villages of Priestcliffe, Taddington, and Chelmorton, by 
Nether Low to Great Low (over 4 miles from Buxton on the road 

s 2 
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to Ashbourne), at which place it thins out. I have been unable to 
trace it in an easterly direction from Litton Mill to Cressbrook Mill 
as mapped by the Geological Survey, and conclude that it is cut out 
by a fault west of Litton Mill which we may call the Litton- 
Slack Fault. East of the fault, on both sides of the dale, the 
beds consist of thin limestones with chert. It is interesting to note 
that while the Geological-Survey map makes this lava continuous. 
from Litton Mill to Cressbrook Mill, the section along the Midland 
Railway between Monsal Dale and Buxton’ shows a rapid thinning- 
out of the toadstone near Litton Mill. Since I mapped the Litton- 
Slack Fault and before finally revising this paper, I have had the 
pleasure of going over some parts. of the ground with Mr. T. F. Sibly, 
who is examining the Mountain Limestone of Derbyshire. His 
observations confirmed mine, namely, that there is a fault at Litton 
Slack. 

Our conclusions may be summarized as follows :— 

In Miller’s-Dale Quarry the upper lava is succeeded by about 120 
feet. of massive limestones, the latter being overlain by thinly-bedded, 
limestones with chert. At the western end of Cressbrook Tunnel 
and at both ends of Litton Tunnel, thin cherty limestones are seen. 
to rest conformably upon massive limestones (the beds are nearly 
horizontal throughout this part of the section). The massive lime-. 
stones exposed on the railway at Litton Tunnel are the same beds 
as those that are seen in Miller’s-Dale Quarry, and therefore overlie. 
the upper lava. The junction of the thin cherty limestones and the 
upper lava, seen in a cutting west of Litton Tunnel, is obviously a 
faulted one. A fault with a downthrow to the east of over 200 feet 
has thrown the lowest beds of the cherty-limestone series against 
the lowest part of the upper lava, and has brought the massive: 
limestones of Miller’s-Dale Quarry down to the railway at Litton 
Tunnel. The officers of the Geological Survey apparently did not 
recognize this fault, but considered that the true horizon of the 
upper lava was at the base of the cherty-limestone series, the non- 
appearance of the lava at Litton Tunnel being attributed to a rapid 
eastward thinning-out of the lava-flow. We find, therefore, that 
massive limestones about 120 feet thick occur in sequence between 
the upper lava and the cherty-limestone series, and that the upper 
lava is about 120 feet lower down in the series than was estimated 
by the officers of the Geological Survey. : 

The upper lava may be traced west of Litton-Slack Fault along 
the western slope of Hamerton Hill, across Litton Dale, through 
the village of Tideswell, by Summer Cross and Cross Gate to Wall 
Cliff, where all traces of it are lost. It is seen again at The Holmes 
north of Shuttle Rake; and, except for a short distance, where it is 
cut out by two faults connected with Moss Rake, can be traced in 
a northerly direction, by Cop Round to Old Moor, a little over a 
mile south of Castleton. 

Previously to 1903, I had traced this lava as far as Wall Cliff 


~ 1 Geol. Sury. Mem. ‘ North Derbyshire’ 2nd ed. (1887) pl. ii. 
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and also near The Holmes. In that year Mr. Samuel Moore wrote 
a short paper, calling attention to the presence of two beds of toad- 
stone on Cop Round.’ Soon after the publication of this paper I 
went over the ground with Mr. Moore. The tracing from. his 6-inch 
map with which he kindly provided me, helped me very materially to 
trace the effects of Moss Rake and Shuttle Rake on the outcrop 
of the two lava-flows. 

The upper lava forms the summit of Kins Low near: Miller’ ial 
Station, is capped by limestone on the adjacent hill above Crichley 
Wood, and is also seen on Bole Hill, north of Tunstead. I have been 
unable to trace it so far north-east as Smalldale, as mapped by the 
officers of the Geological Survey, and have therefore denoted this 
part of the boundary by a dotted line. Its greatest thickness is in 
the neighbourhood of Millers Dale, where it is about 100 feet 
thick. This lava-flow was preceded by a fall of volcanic detritus. 
The tuff is present on the northern slope of Chelmorton Low, near 
Miller’s-Dale Station, and on the lower portion of Knot Low. 
Some years ago it was well exposed in a tram-cutting connected 
with the limestone- -quarry near Miller’ s-Dale Station. The following 
section was seen by me :— wr 

Thickness in feet. 


AUDITS EVE Gone eee Onn OR 9 nr — 
Lava-flow, olivine-dolerite.......... about 100 
Coarsely-bedded tuff, ............ at least 4 
Lava-flow, amygdaloidal doierite ......... 9 
Tufaceous limestone ........-...c.s+--eeeees 2 
TEV ad 54g Bee ec aece tied ocactiees 2 
rem CShO mes eee Seca ese eem s sour geen oe — 


[See also Quart. Journ. Geol. Soc. vol. 1 (1894) p. 631.] 


A good section of the tuff is also exposed in a quarry several 
hundred yards east of the limekilns, near the railway-line. Until , 
a few years ago the junction of the lava with the tuff underneath 
it, resting upon the limestone, was seen on Knot Low.” 

- The decomposed calcareous. tuff or tufaceous limestone was several 
feet thick. Resting upon it was the lava of Knot Low. The isolated 
position and contour of the Low have suggested to some persons a 
volcanic vent ;: but it is one of those cases in which part of a lava- 
flow forms a prominent hill. It is situated between the Wye Valley 
and Monk’s Dale. The evidence that it is not a vent is seen by the 
limestones dipping regularly under the igneous rock on the north- 
western and south-western sides of the hill; and in the quarry-section 
the lava rests upon the limestone below it. On Priestcliffe Low, 
under the lava are to be found pieces of a red rock, which is 
probably a decomposed tuff or a volcanic mud. I have found a 
similar material in connexion with other lava-flows of the district. 
Under the microscope it appears as a more or less amorphous mass, 
sometimes composed of fragments cemented together, and has no 
recognizable structure. 

1 Geol. Mag. 1903, pp. 84-85. 


2 * A Sketch of the Geology of the Lower Carboniferous Rocks of Derbyshire ’ 
Proc. Geol. Assoc. vol. xvi (1899-1900) pl. v, fig. 2. 


246 — MR. H. H. ARNOLD-BEMROSE ON [ Aug. 1907,.: 


a The Lower Lava. 


The lower lava of this district is seen at the bottom of the valley 
of the Wye, a short distance east of Miller’s-Dale Station, and can — 
be traced as far as Raven’s Tor, where it disappears under the lime- 
stone which dips south-eastward. The igneous rock is brought up 
by a small dome in the limestone. It is much decomposed, and 
good sections of the vesicular and amygdaloidal type are seen by 
the roadside, 

‘The exposures of the toadstone in Monk’s Dale and Chee Dale 
belong to the lower lava-flow. In Chee Dale, near the river, 
occurs a vesicular and amygdaloidal rock which can be traced across . 
the river, and up the hill on the opposite side to the top of the tunnel 
in a westerly direction. It is carried up by the rapid dip of the. 
limestone-beds on the eastern side of the Dale, and can be followed 
through Tunstead and Great Rocks Lees, by the village of Small- 
dale,then by the north-east of Withered Low through Hargatewall 
and into Monk’s Dale. I have only been able to trace it for a short | 
distance on the eastern side of this Dale. After a break of about. 
half.a mile ina northerly direction it is found again, and can be.. 
traced through Wheston and under the escarpment of Wall Cliff, 
across Brook Bottom (a small valley north-west of Tideswell), thence 
under the Cop as far as Starvehouse Mine near Oxlow Rake. A 
small fault near Brock-Tor Dam shifts the outcrop a short distance 
to the west, in a way similar to. that in which another fault con- 
nected with Moss Rake shifts the outcrop of the upper lava near 
Piece Barn. I have been unable to trace it farther north, as mapped 
by the officers of the Geological Survey, round the face of Oxlow to 
Eldon Hill. If it extended in that direction, it should be observed 
crossing Conies Dale between Oxlow and Eidon Hill. Through 
the: whole extent of this short dale the limestones are seen dipping. 
north-eastward at an angle of 5°, which increases to 15° at the top 
of the dale ; but no outcrop of toadstone can be seen. ‘The absence 
of the lower lava near Eldon Hill is confirmed by the observa- 
tions of Mr. 8S. Moore, of Castleton. He states that, between Eldon 
Hill and Oxlow Dam, he could find no evidence of an outcrop of 
toadstone. * 

Returning to Tunstead, we find on the opposite (western) side of 
the dry valley up which the Midland Railway runs to Peak-Forest 
Station, a lava that is evidently on the same horizon as the lower 
lava. It can be traced from Great Rocks Pastures to Higher 
Bibbington, and within a short distance east of Dove Holes he 
Holderness Quarry. The vesicular toadstone north and west of 
the Waterswallows Sill probably forms part of the same bed. 

Near Upper Great Rocks the toadstone, which is vesicular and 
amygdaloidal, almost abuts against the limestone, and is found within: 
a few feet of it. At first, I thought that it might be an intrusive: 
mass ; but a further examination ui the Broun on the western aide 


1 Geol: Moe 1803.80. 2 
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of the dale led me to explain the relative positions of the rocks by 
two faults within a short distance from one another, running in a 
direction from north-west to south-east, which have let down the 
toadstone lying between them. Several calcite-veins, one of them 
2 or 3 yards wide, traverse the toadstone in a direction parallel to 
the faults. The limestones immediately to the north of the northern 
fault are very much disturbed, and in one place are vertical. 

These faults have produced a marked change of feature in the 
landscape. Walking up Great Rocks Dale, when we arrive at the 
southern fault at the northern end of the short railway-tunnel, 
we see that the narrow, flat-bottomed, rocky valley, with its almost 
perpendicular cliffs of limestone on each side, suddenly loses its 
gorge-like aspect, and becomes for a short distance a broader grass- 
covered dale. The limestones south of the fault near the tunnel- 
mouth form an almost perpendicular cliff parallel to the fault. 

The lower lava is also found at Blackwell (on the road from 
Miller’s Dale to Taddington), west of Calton Hill, and in the village 
of Wormhill. 

The lava in the faulted wikee of Tideswell Dale, which has been 
invaded by the sill (so that in some places it is below, and in others 
above, the intrusive dolerite), lies some distance below the upper 

lava on Hamerton Hill, and is probably part of the lower lava of 
the area. 


Uncorrelated Lava-Flows. 


In addition to the two main lava-flows there are several isolated 
patches of lava, the horizon of which I have not been able to 
determine. Four of them occur a short'distance to the south of 
Buxton, namely in Ashwood Dale and on the road to Ashbourne, 
on Staden Low, on Fox Low, and on Staker Hill. Although I am 
not quite sure, I think that they belong to the lower lava of the 
district. 

In Tideswell Dale, south of the southern fault are two thin 
lava-flows, which are ‘nearly on the same horizon as the lower lava 
of the district. North of the northern fault is an outcrop of lava 
which may be on the same horizon as one of those to the south of 
the southern fault. Opposite the Tideswell gas-works a lava was 
seen faulted against the limestone on the north until a few years 
ago. Since then a wall has been built which conceals the fault, 
but the vesicular toadstone may be seen south of the wall. 

On the western face of Fin Cop, between Ashford and Taddington, 
are two lavas each about 30 feet thick and separated by about 
150 feet of limestone. In the absence of any evidence to the 
contrary, they might be considered as the thinning-out of the two 
main lavas of the Miller’s-Dale area. The lithological character of 
the limestones above the upper lavas militates, however, against 
this conclusion. The upper lava of Fin Cop is overlain by at least 
250 feet of thin limestones with chert, but the upper lava of Miller’s 
Dale is succeeded by about 120 feet of massive limestones without 
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chert. Itseems more likely that we have here two sets of upper and 
lower lavas, than that the cherty series has altered its horizon in a 
distance of only 4 miles. 

‘The lava at Cressbrook Mill is soveiea by thin black limestones 
with chert-bands; it occurs therefore in the thin cherty-limestone 
series, and is on a horizon higher than the Miller’s-Dale upper lava. 
The limestones beneath it are seen in the road, and those above it 
in a small quarry east of Cressbrook Mill. 

The Cave-Dale lava near Castleton is at least 200 feet: below the 
beds seen on Dirt Low, which are not the uppermost beds of the 
Mountain Limestone. | 


~The Position of the two Main Lavas in the Series. 


The most reliable data for arriving at the horizon of the upper 
lava-flow of the Miller’s-Dale area are to be obtained from the 
section of Mountain Limestone seen along the Midland Railway. 
between Monsal Dale and Buxton." ‘The section shows the upper 
and lower lava-flows separated by about 150 feet of limestone, with 
390 feet of more or less cherty limestones above the upper flow. I 
have already stated that Mr. Sibly and myself consider that about 
120 feet of massive limestone must be added to the Geological-. 
Survey estimate of beds above the upper lava. The following 


section is thus arrived at :— . 
| Thickness in feet. 


‘Thin limestones with chert .......... Be yiictae deta about 400 
Thickly-bedded limestones ..................0200-22e eee 120 
Upper lava-flow (J. .00esecserasest et cette eh ela. eure ast 100 
Thickly-bedded limestones .............-.-.:::::sttreeees 150 
Lower lava-flow ..... pole > wees ASE 4 Zh aN nen a Me =e. 80 
Dimestones #:i2/ yee Talk clic Naeem Re ga so — 


(See vertical section No. I, p. 249.) 


Therefore the upper lava of this district 1s about 520 feet down 
in the series, and attains a thickness of 100 feet. The lower one is 
seen at the bottom of Miller’s Dale. The Geological-Survey Memoir 
states that at the entrance to Chee-Tor Tunnel a ee ped of toad- 
stone breaks out : 

‘This will at first be of course taken to be the same as the bed already 
mentioned as peeping up in the bottom of Miller’s Dale.’ (Op. cit. p. 20.) ; 

The officers of the Survey allude to the difficulty in making out 
exactly how this bed of toadstone behaves, and consider that it is most 
likely the same bed as that which crops out a little before reaching 
the steep descent to Chee Tor. In order to prove whether there 
were two or three lavas in the neighbourhood of Miller’s Dale, 
I made careful-measurements of the thickness of the limestone- 
beds which are exposed in the following dales :—Chee Dale, 
Miller’s Dale, Monk’s Dale, and Sandy Dale, ‘and also north of the 
village of Chelmorton. The following table embodies the result, 


1 Geol, Surv. Mem. ‘North Derbyshire ’ 2nd ed. (1887) p- 18 & pl. ii. 
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_ Vertical sections showing the relative positions of the toadstones 
an the Carboniferous Limestone and Yoredale Series of Derbyshire. 


TE. . IIT. 
Between Monsal Matlock. Tissington 
Dale and Miller's _— (see p.261). (oe 

Dale (see p.248). 


Vertical Scale: 
Linch = 200 feet. 


| Thin limestones & shales 
Stal veal (Yoredale); volcanic detritus 
| in the upper portion. 


) | a Pea beeoeanee with chert. 
Pees saccive limestones: 
Bedded a | 
‘Upper eee 

Q WW iaring lava 


The horizontal line AB denotes 
‘the top of the Mountain Limestone. 
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and proves, I think, conclusively that the lava seen in Chee Dale 
and at the entrance to Chee-Tor Tunnel is the lower or second lava 
of the district, and not a third bed of toadstone as suggested in the 
Geological-Survey Memoir. : 


TuickyEss oF LimEsToNES BETWEEN THE Uppar AND Lowrr Lava-FiLows 
‘IN THE VALLEYS HEREUNDER NAMED. 


Valley. ee Hills or Valleys. Thickness in feet. 
Chee Dale ....... ies Knot Tow. iCheewlontee yc... ee 142 to 160 
Miller’s Dale ......... Priestcliffe Lees. Miller’s Dale ......... 143 
Monk’s Dale ...... ... Knot Low. Monk's Dale ..... Late atia es 130 
Monk’s Dale ......... Crichley Wood. Monk’s Dale............ 140 to 149 
Sandy Dale............ Priestcliffe Low. Sandy Dale, at Black- 
; - well; two measurements.................. 130 to 143 
Chelmorton Flat ... Chelmorton Low. Chelmorton Flat ... 130 


I made the following measurements of the thickness of the upper 
and lower lavas. The vertical distances were measured by the 
barometer, corrected for changes in the weather: due allowance 
being made for the dip of the limestones, and for the horizontal 
distance between the outcrops. 

Thickness in feet. 
Upper lava... Knot Low, Miller’s Dale ..................... 100 


Crichley Hill, Miller’s Dale.................. 97 
Lower lava... Monk’s Dale, Miller’s Dale .................. 70 to 80 
Near Wheston, north-west of Tideswell:... 84 


The upper and lower lavas of Fin Cop near Ashford are about 30 feet thick, 
and are separated by about 150 feet of limestone. 


Vents. 


The three vents in the northern area occur in the Mountain 
Limestone. Two of them consist of fragmental rock or agglomerate, 
and the third (which is by far the largest) mainly of massive 
basalt. syed? 


Speedwell Vent, Castleton.—This vent is the northernmost 
exposure of igneous rock in Derbyshire, and stands on the extreme 
northern verge of the limestone-area,.” It lies south of the road 
from Castleton to the Winnats, about a quarter of a mile south-east 
of Speedwell Mine, and may be distinguished as a slight feature in 
the landscape. It is elliptical in area, the longer axis extending 
from west to east for a distance of about 80 feet, and evidently cuts 
across the strike of the limestone-beds by which it is surrounded. 
The limestones north, west, and south of the vent dip into the 
valley at angles varying from 15° to 20°, and a short distance to 
the westward the limestones are seen to strike at the agglomerate. 
The material filling the vent consists of minute lapilli containing 
felspars but seldom vesicular, and blocks of a fine-grained olivine- 


1 Sir A. Geikie, ‘ Ancient Volcanoes of Great Britain’ vol. ii (1897) p. 16. 
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dolerite with minute felspar-microliths and laths in an isotropic 
groundmass. A fuller description appears in my previous paper.' 


Monk’s-Dale VYent.—Monk’s-Dale Vent is near the centre of 
the northern tract. In Monk’s Dale, where the road from Tideswell 
to Buxton crosses the dale, is a small exposure of agglomerate 
almost elliptical in area. The valley loses its gorge-like character, 
and for a short distance opens out into an oval-shaped flat-bottomed 
valley. The bottom and the lower parts of the south-western slope 
are occupied by the agglomerate which cuts across the strike of the 
limestone-beds. The prevailing dip of the limestones on the 
northern, north-western, and north-eastern boundaries of the 
igneous rock is from 15° to 20° north-eastward, and on the south 
the dip is about 10° southward. The agglomerate consists of 
lapilli in a limestone- or calcite-cement.* This vent is probably the 
oldest in the northern area. On both sides of the dale the lower 
lava is seen. Barometer-measurement proved the bottom of this 
lava to be 190 feet above the highest part of the agglomerate. 
Allowing for the dip of the beds between them, there must be 
about 300 feet of limestone between the agglomerate and the lava- 
flow above it. As the bottom of the lower lava is about 620 feet 
below the top of the limestone, Monk’s-Dale Vent is some 970 feet 
down in the Mountain-Limestone Series. 


Calton-Hill Vent.—This vent is the largest in the county, 
and probably furnished the upper lava-flow of the northern tract. 
About a mile west of Taddington, two-thirds of a mile north 
of Chelmorton, and a mile and a half south-west of Miller’s-Dale 
Station, Calton Hill forms a. well-marked feature in the land- 
scape, and can be seen at a distance standing out clearly in front 
of the escarpments of Chelmorton Low and the other hills to the 
south of it. Its external form is like that of a volcanic neck. 
The sides of the hill rise to a height of about 200 feet above the 
ground on its northern, western, and eastern flanks; while, for a 
short extent on the south, it is connected with the higher ground or 
escarpment between Chelmorton Low and Sough Top. The summit 
is 1319 feet above sea-level. The base of the hill measures about 
two-thirds of a mile from east to west, and half a mile from ‘north 
to south. The igneous rock of which the hill is composed cuts 
across the strike of the limestones, which in its neighbourhood 
steadily dip in a direction nearly due south at an angle of 10°. On 
the Geological-Survey map it is marked as a pear-like extension of 
the lava-stream in a northerly direction. The ground covered by 
the igneous rock is, however, much greater than that indicated by 
the Geological Survey. The hill consists of olivine-basalt and 
dolerite, with a small patch of agglomerate a short distance north- 
east of its summit. The slopes are strewn with large blocks of 


1 On the Microscopical Structure of the Carboniferous Dolerites & Tuffs 
of Derbyshire’ Quart. Journ. Geol. Soc. vol. 1 (1894) pp. 625-26. 
2 Ibid. pp. 629-30. 
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hard basalt. Small blocks of this basalt are spread over the 
country in the immediate neighbourhood, some at a greater height 
than the summit of the hill. This travel of the blocks is probably 

due to ice-action, and their presence in other districts of the 
county farther south has enabled Mr. R. M. Deeley and myself to 
trace the path of the ice through: parts of the uplands of Derbyshire. 

In a hand-specimen - the basalt is easily recognized by its fresh 
appearance, hardness, closeness of grain, and by the presence of 
small nests of a. hottlé-green olivine. Fifteen thin slices of ue 
massive rock from various parts of the hill were examined ; 

is a typical olivine-basalt, in which all the minerals are inva 
remarkably-fresh state of preservation. . The olivine occurs in 
phenocrysts and groups, in small prisms and in irregular grains.. 
The felspars occur generally as small laths showing a well-defined 
flow-structure, but in several specimens two generations are seen. 
Magnetite and interstitial or glassy material are also present. The 
following is a brief description of some of the thin slices. — an 


Nos. 76 & 105.1—The rock consists of numerous phenocrysts of olivine and augite, 
inagr oundmass of lath-shapea felspars which exhibit well-marked flow- 
‘structure, augite in small granules, magnetite, and an isotropic: blassy 
material. Both the olivine and augite occur in isolated erystals, and in 
groups of crystals or nests. The augite possesses zonal and hour-glass_ 
structure, is often corroded at the edges, and sometimes contains portions. 

of the glassy groundmass. The biggest augite-crystal is 1-5 mm. in 
length, and the felspar-laths attain a maximum length of “16 millimetre. 


o. 721.—Contains a nest of olivine and auBire measuring 27 x2 22 milli- 
‘metres. 


Nos. 717, 722, & 724.—In these specimens De augite- alcicernce! are pee 
The rock. consists of phenocrysts of olivine in a, base of felspar-laths, 
magnetite, 2 and small augite-prisms, with glassy material. 


Nos. 93, 95, & 96.—Contain olivine- and augite-phenoerysts, Enero augite, 
) ‘felapars of two generations, magnetite, and interstitial material. 


No. 720. —Olivine and augite are present as phenocrysts. The augite oceurs 
also in small prisms and in grains. The polpaee are small, and show 
fluxion-structure, 


No. 345. —Is ver y rich in small di raecphe oasis down to ‘05 millimetre in 
length, which occur in a groundmass of small felspar-laths, augite-prisms 
and grains, and magnetite, with a very small quantity of interstitial 


‘matter. The oo -laths form by Eup the ee portion of the thin 
slice. 


No. 106.—Contains small olivine- ead anoiie pucies ysts, ots big augite- 
grains. One of the felspar-laths is 3 millimetres long. 
Four specimens of the agglomerate were examined. 


No. 723.—Consists of a crystalline limestone, with foraminifera and other 
organisms and a few glassy lapilli. 


No. 989.—Is a limestone rich in foraminifer a and C alcisphera a Lt contains 
glassy lapilli, and has been more or less mar morized. 


Nos. 990' & 1132. —Are similar to, the preceding, and contain vesicular lapilli.. 


eed ——| 


1 These numerals correspond to the. numbers. of the “microscope -stides, in, 
the Author’s collection. : 
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Contemporaneous Tufts. 


Several beds of tuff, contemporaneous with the Mountain Lime- 
stone, are found in the northern area. 


Dove-Holes Tuff.—North-east of the village of Dove Holes a 
thin bed of tuff can be traced for a short distance. In a quarry 
south-east of Bull Ring it is represented by a bed of clay several feet 
thick, which contains rounded lumps of limestone. The officers of 
the Geological Survey described it as 

‘a crumbly bed, pale-grey with green specks, and contains pebbles of lime- 
stone, one of which was seen as big as a man’s fist.’ + 

In a previous paper? I stated that the deposit contained no ee 
of lapilli; and that, if it represented a tuff, it was so much altered 
that no sign of the original structure remained. In the year 1900 
a good section of this tuff was exposed farther east in an old quarry 
which was being re-worked. A bed of tuff 4 feet thick, containing 
pyrites and numerous rounded pieces of limestone, was seen by me 
resting upon the limestone below it. The limestone-beds below the 
tuff exhibited the pothole structure which is characteristic of the 
limestones below beds of clay, lava, and tuff in various parts of 
Derbyshire. Sir Archibald Geikie describes this structure as 
‘limestone with a surface dissolved into cauldron-like hollows.’ * 
The tuff weathers into a brown material, and is very similar to those 
of the Tissington district. This tuff lies above the lower lava, which 
is seen in Holderness Quarry a short distance to the south. I saw 
the lava faulted against the limestone in the quarry. The quarry- 
men told me that a fault runs through the quarry, and that the 
limestones to the north of the lava are sunk or lowered. There 
will, therefore, intervene at least 60 feet of limestone between the 
tuff and the lower lava. The Geological-Survey Memoir (loc. supra 
cit.) estimates the thickness at 180 feet. 


Brook-Bottom Tuff—In Brook Bottom, a valley north of 
Tideswell, a bed of tuff is exposed on the western side of the valley 
for a distance of about 50 feet. It dips with the limestone at 
an angle of 18°, in a direction about 10° west of south, and is 
evidently contemporaneous with the limestone. The eastern side 
of the valley is covered with limestone-scree and angular gravel, 
cemented with carbonate of lime; I have been unable to find 
any signs of the tuff on this side. The tuff is hard, shows 
distinct traces of lamination, and contains blocks of embedded 
igneous rock. The bedded tuff consists of lapilli with olivine- 
pseudomorphs, and is cemented by calcite. A full description of 
the microscopic structure was given In my previous paper.* 


1 Geol. Surv. Mem. ‘ North Derbyshire’ 2nd ed. (1887) p. 21. 

2 Quart. Journ. Geol. Soe. vol. 1 (1894) p. 629. 

3 * Ancient Volcanoes of Great Britain’ vol. ii (1897) p.19 & fig. 181: Peak-. 
Forest Limeworks.,. 


4 Quart. Journ. Geol. Soe. vol. 1 (1894) pp. 626-27. 
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Ravensdale Tuff.—Cressbrook Dale, which runs from 
Wardlow Mires on the north to Cressbrook Mill on the south, 
forms a gorge in the Mountain Limestone. At the southern end 
of the dale is a bed of lava, which may be traced on both sides 
for a short distance. Walking up the bed of the stream, which is 
often dry, we pass through a narrow gorge in the limestone 
about 9 yards broad at the bottom, and about 16 yards across at 
the top. We soon come to a perpendicular but natural wall of 
limestone: the beds are nearly horizontal. A short distance to the 
north we enter a wider valley, the bottom of which consists of a 
bedded tuff evidently cut off from the limestone by a fault running 
nearly due east and west. The limestone is seen within 2 yards 
of the tuff. The base of the latter is not exposed, and so it is 
impossible to estimate its thickness. A short distance north of 
Ravensdale Cottages (locally known as ‘Bury my Wick’) 20 feet 
of tuff are seen in the bank of the stream, The tuff can be traced 
for nearly half a mile up the valley, where it dips under the 
limestone at an angle of about 25° in a north-easterly direction. 
The tuff consists of red and brown lapilli, in a cement of lapilli 
and volcanic detritus, and contains small pieces of limestone and 
blocks of a hard and dark igneous rock.’ 


Litton Tuff.—This tuff was mapped on the 1-inch Geological- 
Survey Map from Tideswell Lane, through the village of Litton, 
‘across Cressbrook Dale to Peter’s Stone, a distance of nearly 
14 miles. I have been able to trace it for a distance of over 
2 miles. The best exposures are at the eastern end of Litton, at 
Peep o’ Day, and under Peter’s Stone. The tuff runs on from under 
Peter’s Stone on the eastern slope of Cressbrook Dale, to a point 
west of Wardlow Hay, where all vestige of it is lost. It may 
also be followed in the opposite direction north-west of Litton 
under Litton Edge, across Conjoint Lane; and, instead of turning 
northward to Tideswell-Lane Head (as mapped by the Geological 
Survey), it strikes across the road from Tideswell to the Lane 
Head, through the fields north-east of Tideswell to within a short 
-distance of the limestone-quarry on the Peak-Forest road, two- 
‘thirds of a mile north-west of the Lane Head. 

The tuff is laminated, and consists of lapilli which are mostly 
-vesicular ; some of them contain pseudomorphs of olivine, lath- 
‘shaped felspars, and magnetite. Rounded pieces of fossiliferous 
limestone and blocks of dolerite occur in the tuff.* The limestone 
which rests upon the tuff at Litton is granular, very fossiliferous, 
and contains lapilli up to a height of more than 20 feet. <A 
ssmall quarry at the back of the house called ‘ Peep 0’ Day’ yields 
the following section :— 


1 Quart. Journ. Geol. Soc. vol. 1 (1894) p. 680. 
4 Ibid. pp. 628-29 ; see also Sir Archibald Geikie, ‘ Ancient Volcanoes of 
“Great Britain’ vol. ii (1897) p. 21. . 
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Thickness 
in feet. 
1. Limestone. with a few fragments of encrinite-stems......... + 
2. Coralline limestone (big and small corals)..................... 2 
3, Phanvlmestome: wiki laipwhly PTT Sele. ewe ek a cceceesvees 03 
4, Limestone, with fossil fragments, containing a bed similar 
TORE one Cee ate cdl cigs ey «reins peinaigab a wee Seg his Sip + ote 8 = 43 
5. Limestone crowded with fossils ....................0eeceeeeee ees 3 
6. Nodular limestone, with thin shaly limestone ............... 3 
7. Black limestones at the base of the quarry .................. 4 
8. Limestone: the lower portions nodular, and containing 
Nepal eee gsi 8 as ook. Sanne ene Peet Re a aes ae tel about 6 
265 


Below the tuff in Cressbrook Dale, and separated from it by 
about 20 feet of limestone, is a lava-flow from 10 to 20 feet thick. 
It is seen on the eastern side of the dale, but can only be traced 
for a short distance. 

Some years ago, in order to arrive at the horizon of the Litton 
Tuff, I measured the thickness of the limestone-beds above it 
which are exposed in Cressbrook Dale as far as Wardlow Mires. 
About 125 feet of limestone were seen above the bed of tuff. 
The Geological-Survey map shows a small patch of Yoredale 
rocks at the top of this section, near Wardlow Mires, If this 
mapping be correct, the tuff is at least 125 feet down in the 
Mountain-Limestone Series. After several careful examinations of 
the ground, I have been unable to obtain any evidence of Yoredale 
rocks. The small patch mapped as Yoredale by the officers of the 
Geological Survey is covered with a peaty soil containing lumps 
of limestone, chert, and quartz-rock, and I have therefore mapped 
it as Mountain Limestone. If I am correct, the tuff of Litton is 
more than 125 feet below the top of the limestone. 


A reference to the map (Pl. XIX) will show that the Litton and 
Ravensdale Tuffs are both above the upper lava-flow of the district. 
I have been unable to trace any fault between them: they are 
apparently two distinct bands, separated by from 250 to 270 feet 
of limestone, the upper 100 feet of which consist of thinly-bedded 
limestones and the remainder of thick limestones. This gives 
roughly :— 


Feet 
Limestones measured ......... 125+ 
Dnttonebule 6250.2 4.0he ces ee = 
‘hin Lomiestones’-. 25.62 22-2422. 100 
Thick limestones............... 150 to 170 
Cressbrook Tuff ............... —- 


The fault south of the Ravensdale Tuff appears to be an 
extension of that south of the Tideswell-Dale inlier, and may be 
traced a short distance to the eastward in Hay Dale, where the 
limestones north of it dip 40° south-eastward and 30° southward; 
while south of the fault the dip of the limestones is only 5°, and 
they occur in thinner beds than those on the north. 
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This account of the bedded tufts of the northern area would not 
be complete without a description of the tufaceous limestone of 
Cave Dale near Castleton. Some 32 feet above the lava in Cave 
Dale is a bed of granular tufaceous limestone about 74 feet thick : 
it is denoted on the map (Pl. XIX) by broken lines. 1 have traced 
this tufaceous limestone yard by yard round the limestone which 
caps the lava on the northern side of the dale; and on the 
southern side, from a point about 400 feet south of Hurdlow 
Plantation along the southern slope, to within a short distance 
of Dirt Low. At the westernmost point, south of Hurdlow 
Plantation, the tufaceous rock dips under the limestone and is 
found on both sides of the dale. On the southern side it extends 
for a distance of two-thirds of a mile (measured in a straight line). 
On the northern it can only be traced for a short distance and 
under the above-mentioned cap of limestone. From the top of the 
tufaceous limestone to the summit of the hill near Dirt-Low Rake 
there are 160 feet of limestone measured vertically. As the dip 
of these beds is nearly horizontal, there are at least 160 feet of 
limestone above the tufaceous rock. From these data the following 
section has been constructed, to which are added notes on the 
structure of the tufaceous limestone :— 


Thickness 
. an feet. 
ie: Limestone, at leash 4 eee ee ee ere .... 160 
2. Granular and oolitie limestone, with lapilli and pebbles of 
previously-consolidated limestone  ..............ss0eeeseseee 3 


8. Soft, more or less laminated, tufaceous limestone, with 
waterworn limestone-pebbles measuring up to 4 inches 
in length. The pebbles often consist of a limestone 


similar to No. 2, and contain Girvanella............sceceeee 2 
4, Granular limestone, similar to No. 2................0:cee0eeeee 3 
Deo LATMOSEOME © yc iSic'nd erase See EHC iene isis bei day cietaraae ene ene 32 


6, Lava of Cave Dales oo ern eeeirey cence sce n.)./. saccieieeeeeey — 
(This lava is at least 199 feet below the limestones of Dirt Low.) 


Since the tufaceous limestone can be traced to a greater distance 
in an easterly direction than the lava, it seems clear that the lava 
thins out in Cave Dale. 

In a quarry near Peak Cavern is a bed of sandy material with 
limestone-pebbles. It may be a bed of decomposed tufaceous 
limestone, but I have been unable to find any evidence to show 
whether it is on the same horizon as the Cave-Dale tufaceous 
limestone. It is apparently cut off by a fault from the Peak- 
Cavern limestone. 


Ill. Tus Sourn-Easrern on Mattock AREA, INCLUDING ASHOVER 
AND Crico. (See Maps, Pls. XX & XXI.) 


The south-eastern or Matlock area, although smaller than the 
north-western, is similar to it in several respects. It extends 
from: Cracknowl on the north to Hopton near Wirksworth on the 
south, a distance of about 10 miles, and from Gratton Dale on 
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the west to Matlock on the east, a distance of about 52 miles. 
The igneous rocks are seen at the surface, through an area not 
greater than 56 square miles. There are two main lava-flows 
(one of them accompanied by tuff), several vents, intrusive sills, and 
tuff unaccompanied by lava. 


The Upper Lava. 


The upper lava-flow appears in the railway-cutting near the 
mouth of the tunnel north of Matlock-Bath Station. It may be 
traced under the escarpment of the High Tor in a northerly 
direction, on the eastern side of the Derwent for nearly a mile; it is 
then carried down and across the river by the dip of the beds, and 
can be followed on the opposite side of the dale by Masson Farm 
in a north-westerly direction to near Oxclose Mine. It apparently 
thins out here, and I have been unable to find it farther west. 
From Matlock-Bath railway-cutting it may be followed across the 
river in an easterly direction, and is carried up by the rapid dip 
of 40° to the Heights of Abraham by the Victoria Tower. The 
Tower is built on limestone-beds above the toadstone, which dip 
steeply south-eastward under the Yoredale Shales at Matlock-Bath 
Station. The outcrop descends through the grounds of the Heights 
of Abraham, and crosses the river near the Jubilee Footbridge. 
It may be followed in a southerly direction below the escarpment 
of limestone past the Lover’s Leap to Masson Mills on the eastern 
side of the dale. From this point I have been unable to follow it 
farther. As the beds dip south-eastward, it should cross the river 
near the Mills. W. Hopkins’ states that the toadstone is found on 
the eastern bank of the river, and again in the foundation of a 
house not far below the Cotton Mill, It may be cut off by a fault, 
which would almost coincide with a mineral-lode on the 1-inch 
Geological-Survey map. I have, therefore, only marked it on the 
map so far as I have been able to trace it. 

The surface of the upper lava was seen by me at the bottom of 
Cawdor Quarry, north of Matlock-Bridge Station, a few years ago. 

In Bradford Dale (see map, Pl. XX) a bed of vesicular lava is 
exposed, which I am inclined to refer to the upper lava of the 
Matlock District. A rough section gives about 150 feet of 
limestones between the shale and the underlying lava. The upper 
50 or 60 feet of the limestones consist of thin beds with chert, and 
the lower portion of massive limestones. This is very similar to 
the section at Matlock Bath. 


The Lower Lava. 


The lower lava is much more extensive than the upper, and is 
separated from it by from 80 to 100 feet of limestone. In Matlock 


1 «On the Stratification of the Limestone District of Derbyshire’ [privately 
printed] 1834, p. 39. 
Q.3;,G28. No; 25k. T 
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Dale, between Matlock Bridge and Matlock Bath, it is Drone up 
by the anticline and seen at the bottom of the valley. : 

_It may be traced from Church Street, Bonsall, near Herbert Lodge 
to the summit of Masson Hill by Low Farm to Salter’s Lane. 
‘The limestones above it are often dolomitized. The outcrop then 
turns westward under the escarpment of coralline limestone which 
dips rapidly down the dip-slope towards Darley Dale. At Tearsall 
Farm, and for a distance of nearly a mile west of that place, the lava 
is succeeded by a bed of tuff. A good section of the tuff is seen close 
to Tearsall Farm. Several feet of it are shown dipping with the 
limestone which rests upon it: it is well laminated. The lava can 
be followed farther west underneath the escarpment of limestone 
which here has become dolomitized, across the road from Winster 
to Grangemill, and also across that from Winster to Pike Hall. 
For the next mile and a third all signs of it are lost: I have 
therefore dotted in the boundary-lines. About a third of a mile 
north of the road from Winster to Pike Hall a vesicular toadstone 
is seen; this I take to be part of the lower lava. It runs on in 
a northerly direction across Gratton Dale, and then thins out. 
A good exposure of if is seen in the dale, aril about 250. feet of 
limestones are seen above it. Hopkins states that 


‘it is easily traced just across the dale, beyond which the basset suddenly ceases, 
and no further trace whatever can be found of it.’ (Op. gam cit. p. 32,) 


_ his appears to be the westernmost extension of the lower lava 
of the district. 

At Dunsley Mill, a bed of vesicular lava is seen to occupy the 
bottom of the valley as far as the ‘ Pig-of-Lead’ public-house; it 
then mounts both sides of the Via Gellia, and may be traced as far 
as Hollow-church Way, where it is probably cut off by a fault. 
The lava may be followed under the limestones of Middleton Moor 
through the village of Middleton in a north-westerly direction ; 
the outcrop then turns southward, and may be followed through the 
top of Hoptonwood Quarry to the High-Peak Railway, a short 
distance west of Hopton Tunnel: it crosses the railway-cutting. 
I have been unable to find it for the next half-mile, as mapped 
by the Geological Survey ; and it probably thins out. It may be 
found in the opposite direction to the foregoing, south of Middleton, 
as far as Messrs. Killer Bros.’ quarry (Hoptonwood Stone-Quarry). 
It is seen near the top of the quarry, and at its southernmost point 
is cut off by a fault ranging north-north-west and south-south-east, 
and brought down to a lower level near the bottom of the quarry. 
It is then carried beneath the limestones, and is cut out by the 
Gulph Fault, which ranges from Middleton to Wirksworth. In the 
lower part of the quarry the toadstone was seen faulted against the 
limestone. 

I have mapped the Middleton and ‘ Pig-of-Lead ’ lavas as part of 
the lower lava of he Matlock area, for the following reasons. From 
the section tabulated below (p. 261) it appears that there are about 
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250 feet of limestones above the lower lava, and that between the 
eherty series and this lava there intervene from 180 to 200 feet of 
massive limestones. 

In Killer Bros.’ Quarry (Hoptonwood Stone-Quarry) at Middleton 
a thickness of 180 to 190 feet of massive limestones is seen above 
the lava. To the west, towards Middleton, there are from 50 to 60 
feet of thin cherty limestones above the massive limestones. This 
gives us about 250 feet. of limestones above the lava, which is 
therefore the lower one of the Matlock district: the upper one 
having thinned out westwards. In the neighbourhood of the ‘ Pig- 
of-Lead’ there is not a continuous section, and the measurements 
cannot be so accurate as those made in Killer Bros.’ quarry. Above 
the lava are massive limestones to a height of 170 feet, and these are 
succeeded by thinner limestones with chert and Productus. Allowing 
for the dip and the hill-slope, there are at least 180 feet of massive 
limestone-beds between the lava and the cherty limestones. This 
lava cannot therefore be the upper one, and it is on about the same 
horizon as the lower lava of the Matlock area. 


I have been unable to find any bed of toadstone on Mininglow 
Hill, as mapped by the Geological Survey. There are a few erratic 
blocks of the Calton-Hill type, and these may have been taken to 
denote the presence of a bed. 


Uncorrelated Lavas. 


On the eastern slope of Masson Hill several isolated patches of 
lava may beseen. As this is a dip-slope, they probably belong to 
the upper lava. They are seen at Upperwood, near the Bath- 
‘Terrace Hotel, below Cumberland Cavern, and near the southern 
entrance to the Pavilion. A short distance south-east of Rugshall, 
-on the cart-track from Cromford to Bonsail, a vesicular lava with 
big felspars can be traced for a short distance, and either disappears 
under the ridge of dolomitized limestone which extends to Scarthin 
Nick near Cromford, or is cut out by a fault. The former view is 
probably correct, because a similar rock with big felspars was 
exposed a few years ago—when Mr. Lawton’s house near Masson 
Mills was being built. Another small patch of vesicular lava is to 
be seen in the cart-track mentioned above, about a fifth of a mile 
‘north-west of Rugshall, but it is too small to place on the map. 

The exposures of vesicular lava at Greenlow Farm and Aldwark, 
which belong to one and the same bed, and that near Sacheveral 
Barn I have mapped as uncorrelated with either of the two main 
flows of the Matlock area. Near Over Haddon the River Lathkill 
‘has cut through a small dome of limestone in which two lavas are 
-seen, separated by about 87 feet of limestone. These, I consider, 
form part of the upper and lower lavas of this area, aithough in the 


-absence of proof I have mapped them as uncertain. West of Over 
£2 
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Haddon the massive limestones with intercalated toadstone are 
faulted against thin beds of limestone with chert. The fault runs 
from south-west to north-east. 

A short distance north-west of Bakewell a lava is brought up 
by a small dome in the limestone. It is separated from the 
cherty limestones by about 40 feet of massive limestones, and is, 
therefore, apparently on a higher horizon than the upper flow of the 
Matlock area. 


The Position of the two Main Lavas in the Series. 


The three sections quoted in the Geological-Survey Memoir on 
North Derbyshire (pp. 22, 23) from Whitehurst (4.p. 1778), Pilking- 
ton (1789-1803), and Farey (1811), are based upon the assumption 
that there are three beds of toadstone extending throughout the 
Mountain-Limestone area (in addition to ‘chance’ beds). They 
agree in placing the upper toadstone 150 feet down in the limestone.. 
Two of them separate the first and second toadstones by 150 feet of 
limestone, and the third (namely, Pilkington) considers that 138 
feet is correct. Their estimates of the thickness of the second 
toadstone vary from 90 to 240 feet. Two of them mention a third 
bed varying in thickness from 66 to 90 feet, and about 200 feet. 
below the second bed. It is interesting here to note that John 
_Whitehurst’s third bed (66 feet thick) is according to his section,. 
pl. i,' the Shothouse-Spring bedded tuff described below (p. 263). 
This section also shows a shaft sunk into a very thick bed, which 
may be the Grangemill Vent. Pilkington’s third bed is the agglome- 
rate of that vent; and the second bed of ‘ blackstone,’ mentioned 
by Pilkington as being 240 feet thick at Snitterton, was probably 
the lower lava-flow and a portion of the Bonsall Sill. In connexion 
with the latter opinion, it may be mentioned that Sir Archibald 
Geikie considered that the ‘ blackstone’ at Snitterton might 
represent part of a sill.” 

The curious coincidence of 150 feet of limestone separating the 
lava-flows in both the Miller’s-Dale and the Matiock areas led me 
to make several measurements of the limestone-beds. The result 
of those in the north-western area I have stated above (p. 250). 
The conclusion at which I have arrived is, that for the south- 
eastern area 150 feet would be too high a figure. 

Near Jughole Wood, over half a mile north of Bonsall, the 
limestones between the two lavas are between 83 and 112 feet thick. 
Two other measurements on the northern slope of Masson Hill gave 
101 and 110 feet respectively as a maximum. In Lathkill Dale the 
two lava-flows are separated by about 387 feet of limestone. The 
measurements were carried out with the barometer corrected for 
changes in the weather, due allowance being made for the dip of 


1 “An Inquiry into the Original State & Formation of the Earth’ 4to. London, 
1778. 
2 « Ancient Volcanoes of Great Britain’ vol. ii (1897) p. 22. 
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the beds. Although Pilkington gives 138 feet between the first 
and second toadstones, his section, apparently drawn to scale, shows 
only 115 feet." 

_ The foregoing evidence is sufficient to show that the two lavas of 
the Matlock area are separated by from 85 to 100 feet of limestone, 
instead of the 150 feet estimated by the writers of more than a 
century ago. 

The section of the Mill-Close Shaft made by the officers of the 
Geological Survey * is perhaps the most reliable estimate of the 
thickness of the limestones above the upper lava, namely, 150 feet. 

The section in the railway-cutting at Matlock Bath showed 97 
feet of thickly-bedded white limestone.’ A generalized section 
would therefore give the following thicknesses :— 


Feet. 

Thinly-bedded limestones, with chert. ... 53 
Thickly-bedded white limestones............ 97 
Wiper Levante ec dowco sth «chen eit 70 
Thickly-bedded limestones, 80 to 100...... 100 
Total 320 


NOMEN aMMEl ee cc vctceevan'\nioread hacanpascenscdeesn — 
[See vertical section No. IT, p. 249] 


The upper lava is therefore about 150 feet down in the series, 
and the lower lava about 250 feet. 


hs 


Vents. 


_ With one exception, the vents in the Matlock area occur in the 
Mountain Limestone, and consist of agglomerate. The Hopton 
Vent, which is the southernmost of all, is partly in the upper beds of 
the Mountain Limestone, and partly in the Yoredale Shales, and 
consists of a basalt-breccia. 


Cracknowl Vent, Bakewell.—Like the Speedwell Vent, this 
is in the upper beds of the Mountain Limestone. It is about a 
mile north-west of Bakewell and half a mile east of Ashford Hall, 
and occupies a horseshoe-shaped slope on the eastern side of the 
valley between Rowdale House and Lumford Mills. The shape of 
the slope has been determined by the denudation of the softer rock, 
which is surrounded by the harder limestone, ‘The area is elliptical 
in shape, the longer axis extending in the direction from north- 
north-west to south-south-east. 

| The agglomerate, which consists of small lapilli and included 
Fiscke of a vesicular rock, cuts across the strike of the limestone- 
beds to the north-north-west and south-south-east of the vent. At 
these places the transition from limestone to the soft igneous rock 


1 «View of the Present State of Derbyshire’ vol. i, pp. 51-55 & fig, i, p. 51. 
? Geol. Surv. Mem. ‘ North Derbyshire’ 2nd ed. (1887) p. 146. 
> fbid. pe 20. 
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is abrupt, and the faces of the former rock left bare by the denu- 
dation of the agglomerate represent as nearly as possible the walls 
of the vent. on 

The agglomerate may be traced across the valley, and for a 
slight distance up the western slope, where the adjacent limestones 
are nearly horizontal. On the east the limestones, at least: 100 feet 
higher in the series than those in the bottom of the valley, are 
seen within a few feet of the agglomerate and have a slight dip to 
the east. | 

A description of the microscopical structure of the agglomerate 
is given in Quart. Journ. Geol. Soc. vol. 1 (1894) p. 632. 


Grangemill Vents.—The Grangemill Vents, with their 
associated band of tuff about 90 feet thick, form perhaps the most 
interesting and at the same time the most accessible volcanic group 
in the county. They have been described and figured by Sir 
Archibald Geikie!.and by me.*.. With.a view of making this paper 
complete, it will therefore suffice to give a brief summary of the 
results, with the addition of further investigations that I have made. 
About 5 miles from Matlock Bath, beyond the top of the Via Gellia, 
two dome-shaped hills with grassy slopes and well-marked contours 
present a decided contrast to the limestone-scenery which surrounds 
them. Their summits rise to a height of 200 and 100 feet 
respectively above the small valley in which they are situated. 
Good views of them may be obtained from the higher ground 
between Grangemill and Aldwark. The best exposure of the 
agglomerate is seen in the larger vent close to Grangemill on the 
road to Winster. A glance at the map (Pl. X XI) shows that the 
vents are in the northern part of a dome of limestone, the longer 
axis of which runs in a north-north-westerly direction. Imme- 
diately south-west of the smaller vent the limestone dips 
north-north-westward, at an angle of 10° to 15°. South of the 
larger one the limestone is much disturbed, and in places is 
horizontal and strikes at the agglomerate. The agglomerate there- 
fore cuts across the strike in both cases. The rock in the vents * 
consists of an agglomerate of lapilli in a cement of volcanic detritus 
and a small quantity of calcite, with blocks of more or less marmorized 
limestone. A few years ago I found in the larger vent an agglo- 
merate similar to that seen in the Ember-Lane Vent (pp. 263, 264). 
It consists of lapilli with small pieces of limestone, embedded in a 
cement of limestone and limestone-paste. 

Three small dykes penetrate the larger vent, and run from west 
to east. Sections of them are to be’seen on the roadside opposite 
the old Mill. The northernmost dyke is several feet wide, and I 
have been able to trace its presence about 400 feet to the west of 
this point. The two other dykes are much smaller, and one of 


* § Ancient Volcanoes of Great Britain’ vol. ii (1897) pp. 13-15. 

* ‘Sketch of the Geology of the Lower Carboniferous Rocks of Derbyshire’ 
Proe. Geol. Assoc. vol. xvi (1899-1900) pp. 198-200. 

3 See Quart. Journ. Geol. Soc. vol. 1 (1894) pp. 633-35. 
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them penetrates the agglomerate only to a height of several feet 
above the level of the road. 

The coarser parts of the largest dyke consist of an olivine- dolerite 
with granular augite, in which towards the margin the felspars 
become smaller.. The difference in structure between the central 
portions and the margin is well shown in the slices from one of the 
smaller dykes. ‘The felspars are as big as those in the central parts 
of the largest dykes, but higher up they become smaller, and the 
margin of the dyke in contact with the. agglomerate consists of 
small felspar-laths in a brown and non-isotropic base. The felspar- 
laths are arranged with their sides parallel to the edge of the 
dyke. 

bg well-marked escarpment of limestone, consisting of. beds at 
least several hundred feet higher in the series than those surrounding 
the vents, may be seen on both sides of the valley. Immediately 
below this escarpment is a bed of greenish volcanic tuff, consisting 
of fine and coarse layers of lapilli in a calcareous cement. -1 
have traced this tuff from near Whitelow Farm on the south- 
east, by Shothouse Spring on the north, to within a short distance 
from the road between Grangemill and “Aldwark on the south-west, 
as indicated on the map (Pl. XXI). It apparently thins out on the 
south-west and south-east. 

The limestone resting upon the tuff is nodular or coneretionary 
in character, and contains lapilli up to a height of at least 18 feet, 
thus showing that the volcanic action died out gradually and that 
the detritus was mingled with the limestone of the sea-floor. 

Although it is at present impossible to determine the horizon of 
these vents, there is no doubt that the bed of tuff is some distance 
below the lower lava-flow of the district. The Grangemill Vents 
are, therefore, the oldest in the Matlock area. : 


Ember-Lane Vent.—Immediately to the east of the village of 
Bonsall, a coarse agglomerate is seen exposed in the steep banks of 
Ember Lane and in the fields above it on the north-west. The vent 
is elliptical in area, and extends for a distance of about. 1000 feet 
from north-west to south-east, and for about 400 feet at right angles 
to that direction. Seen from the opposite side of the valley, it makes 
a distinct feature on the hill-slope. There is unfortunately no 
exposure of limestone close to the agglomerate; but the beds about 
300 or 400 feet. on the south-west dip south-eastward, and those on 
the north dip nearly due east. In the more immediate neighbourhood. 
we have on the north-west an intrusive dolerite, on the south-east 
a lava-flow, and on the north a quartz-rock which I have shown in 
a previous paper to be a silicified limestone.! 

The stratigraphical evidence in favour of its being a vent is, there- 
fore, not so clear as in the case of otber vents in the county. The 
nature of the agglomerate, the distinct although slight feature 
which it presents, and its relations to the surrounding rocks are 


1 Quart: Journ. Geol. Soc. vol. liv (1898) pp. 169-82 & pls: xi-xii. 
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sufficient to distinguish it froma bedded tuff. Sir Archibald Geikie 
expresses the opinion that it ‘probably belongs to another vent,” 
and states that . 

‘it is particularly nihaventing from the great preponderance of limestone-frag- 
ments in it.’ (‘ Ancient Volcanoes of Great Britain’ vol. ii, 1897, pp. 17-18.) 

The rock consists of a caleareo-igneous breccia, and is a mixture 
of limestone-fragments containing fossils (some angular, others more 
or less rounded), and of volcanic lapilli and detritus which are often 
of a dirty-green or red colour. The proportions of calcareous and 
igneous material vary considerably. In some parts the rock con- 
sists of fragments of limestone, with little volcanic detritus; while 
in others it is composed of softer and more comminuted ‘materia I 
enclosing rounded fragments of limestone." 

An interesting specimen obtained from a wall in Ember Lane, and 
shown to me by Mr. W. J. P. Burton, contained a small fragment 
of wood, Dr.G.T. Prior, of the N atural History Museum, kindly 
lent me a thin slice of the rock. A photomicrograph magnified 50 
diameters was made by me and submitted to Prof. A. C. Seward, who 
pronounced it to be wood; but, in the absence of a longitudinal 
section, he could not determine its nature. This is, so far as I am 
aware, the only particle of wood that has yet been oom in the 
fragmental:i igneous rocks of LUNN: 


~ Moor-Lane Vent.—In Moor Lane, about 160 yards west of the 
Bonsall sill, a small patch of agelomerate is seen in the banks of 
the lane. It consists of lapilli and small pebbles of fossiliferous 
limestone cemented by a calcareous paste. The bigger lapilli contain 
felspar-laths. It is uncertain whether this rock represents a bedded 
tuff or avent. But, from the fact that it cuts across the strike of the 
limestones to the south-west, I have ventured to map it as a small 
yent. 


Hopton Vent.—About 2 miles ondene of Watleeeee and 
a short distance east of the village of Carsington, is the southernmost 
vent of the Matlock district. Th is elliptical in area, the major axis 
measuring about a third of a mile in length and extending in a 
north-westerly direction, and the minor axis about a furlong in 
length. A short distance to the east of the agglomerate the 
limestones are seen dipping 10° to 20° south-eastward. Immediately 
north of the igneous rock the dolomitized limestones dip south- 
eastward ; but, as the hill towards the Via Gellia is ascended, the dip 
is seen to decrease, and near the High-Peak Railway the beds are 
horizontal. This outcrop of toadstone was mapped by the Geological 
Survey as interbedded with limestone, and was supposed to be over 
1000 feet down in the series and below the toadstone (lower lava 
of Matlock) seen in the cutting of the High-Peak Railway.? 
Sir Archibald Geikie considered the agglomerate to form a true vent 


1 Quart. Journ. Geol. Soe, vol. 1 (1894) pp. 632-33. 
2 Geol. Surv. Mem: ‘ North Derbyshire’ 2nd ed. (1887) p. 24. 
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and that it was near the top of the Carboniferous Limestone Series 
or abutted on the Yoredale Series, and he threw some doubts on 
any necessity for the faults as mapped by the Geological Survey.’ 
Mr. Pocock considers that the thickness of the beds about Wirksworth 
has been exaggerated.” In the Geological-Survey map two faults are 
introduced, to separate the agglomerate from the Yoredale rocks to the 
south of it. But a careful examination of the ground shows. that the 
agglomerate is found south of the supposed faults, also that it cuts 
across the strike of the limestone-beds, and pierces not only the lime- 
stones but the shales abovethem. Near its south-eastern boundary 
it forms a slight feature in the shales. For these reasons, although 
in. other cases I have, in the maps illustrating this paper, taken the 
boundaries of the members of the Carboniferous Group from the 
Geological-Survey maps, I haveventured to alter slightly the boundary 
between the Carboniferous Limestone and the Yoredale Shales in the 
immediate neighbourhood of this vent. There appears to be insuf- 
ficient reason for the existence of a fault cutting off the Mountain 
Limestone from the shales near the vent. There is plenty of room 
between the sandstone of Stainsbro’ Quarry, a short distance to the 
south, and the limestones near the vent for the intermediate beds 
of the Yoredale Series. pies 
The igneous rock is a breccia, composed of small lapilli and more 
or less subangular blocks of dolerite and basalt. The fragments of 
basalt contain augite and felspar often in a fresh condition, olivine 
generally altered, in a black or sometimes in a glassy base.* 


Tufts. 


The Shothouse-Spring Tuff has been described above in connexion 
with the Grangemill Vents (p. 263). 


~ Low Farm.—North-west of Low Farm near Bonsall is a small 
patch of tufaceous limestone and tuff which are seen in situ, close 
to the north-eastern boundary of the Bonsall Sill. The walls in the 
neighbourhood contain numerous boulders of the rock. The relations 
of the tufaceous rock to the limestones are uncertain, and there is no 
proof that it cuts across the limestone-beds. I have, therefore, mapped 
it as a tuff. 


_ Ashover Tuff.—A bed of tuff occurs in the inlier of Mountain 
Limestone at Ashover, and is exposed in the valley through which 
the small stream runs. It is contemporaneous with the limestone, 
and the beds of the latter are seen to rest conformably upon it. 
The thickness of the tuff has not been accurately determined, 
although a shaft was sunk into it for a distance of more than 


1 © Ancient Volcanoes of Great Britain’ oa ii (1897) p. 
2 ‘Summary of Progress of the Geological Survey for F908" soe pa! 
Q ress Journ. Geol. Soc. vol. 1 (1894) pp. 635-36. 
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210 feet.’ It is probable that, owing to the dip of the beds, this 
distance was more than its thickness at right angles to the bedding.’ 

The tuff is laminated, and contains fragments of chert, of lime- 
stone often rounded, also blocks of amygdaloidal dolerite, and is 
traversed by veins of calcite. The matrix is composed of eps 
cemented with volcanic dust and calcite.” | 

The Ashover Tuff is the only exposure of toadstone that occurs 
outside the area of the maps which illustrate this paper. As my 
mapping of the tuff almost coincides with that of the Geological 
Survey, I cannot do better than refer to the l-inch Geological- 
Survey map, Sheet 82,8.W. According to Mr. Wright,’ . 
‘In the clearly dissected anticline of Ashover between 150 and 200 feet of the 
upper, beds of [the] Carboniferous Limestone are exposed.’ — 
The Ashover Tuff would, therefore, appear to be either on the 
same horizon as the upper lava of Matlock, or some 50 feet 
below it. As no tuff has been found associated with the upper 
lava, it seems most likély that the Ashover Tuff is in no way 
connected with the igneous rocks of the Matlock area, and that it 
may have been ejected from a vent in the neighbourhood which 
has not been exposed by denudation. — 


Crich-Hill Lava.—In the inlier of Mountain Limestone upon 
which the village of Crich is situated, the toadstone has been found 
in the course of mining operations at depths varying from 180 to 
480 feet. The depths vary with the dip of the limestone and with 
the position of the mines on the hill. Previously to 1890, I visited 
the Wakebridge Mine to examine the toadstone. In company 
with Mr. Benjamin Spencer I descended about 420 feet by means 
of ladders. We then reached a level which is about 1000 yards 
Jong, and passes through limestone-beds dipping 45° westward 
or south-westward and toadstone. After passing the centre of 
the dome of limestone we reached the same bed of toadstone as 
that in which lead-ore was being worked. The rock is an 
amygdaloidal lava, very much decomposed, and is evidently con- 
temporaneous with the limestone. | 

According to the Geological-Survey Memoir (‘ North Derbyshire ” 
2nd ed. 1887, p. 82) the lava i is about 60 feet thick, and 1 is covered 
by about 370 feet of limestone. | 

The absence of an upper lava at Gach points to bre thinning- 
out of the Matlock flows in an easterly direction; and, as the lower 
lava of Matlock is 250 feet down in the series, it would appear 
that the Crich lava is on a lower horizon. 


IV. Tue Sourn-WeEstTERN oR Trsstneron AREA. 
(See Map, Pl. XXII.) 


The toadstones in the neighbourhood of Tissington represent 
the latest efforts of volcanic action contemporaneous with the 
1 Geol. Surv. Mem. ‘ North Derbyshire’ 2nd ed. (1887) p. 154. | 


2 Quart. Journ. Geol, Soe. vol. 1 (1894) pp. 639-40. 
3 ‘Summary of Progress of the Geological Survey for 1904’ 1905, Dei 
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Carboniferous Series in Derbyshire. The action commenced 
near the top of the Mountain Limestone, and continued upwards 
into 200 feet of the Yoredale Shales. The vents occur both 
in the Mountain Limestone and in the Yoredale rocks, while the 
bedded tuffs and lavas are only found in the Limestone-Shales. 

There are four or five vents, one of which is in the Mountain 
Limestone, another in Mountain Limestone and Limestone-Sbales, 
and the remainder in the Yoredale Shales. Three of the vents 
occur isn what is mapped by the Geological Survey as an inlier of 
Mountain Limestone, between Bradbourne and Kniveton. The 
toadstone appeared on the western side of the inlier, but was 
wanting to the east near Wigber Low. On the supposition that 
it was contemporaneous, four faults were a to explain 
its behaviour.’ 

The ground in the neighbourhood 1S “eevered arn Drift, and 
the boundary of the limestone is somewhat conjectural. If we 
adopt the view that these toadstones represent vents, the necessity 
for at least two of the parallei faults is removed. 


Knivetonwood Cottage.—The oldest vent and the only one 
entirely in the Mountain Limestone occurs a short distance west 
of Knivetonwood Cottage. A small elevated piece of ground 
marks a slight feature in the landscape. The toadstone consists 
of small blocks of vesicular dolerite, similar to those in the other 
vents of this area. There are no good exposures, but blocks are 
to be found at the surface in a number of places. This agglomerate 
cuts across the strike of the cherty limestones, seen in a small 
quarry a short distance to the north of it: the beds dip 30° 
eastward. It also cuts across the strike of the limestones, seen 
near the Mill-lade on the south, which dip 25° south-westward. 


Woodeaves Vent.—This vent is about 1 mile north-west 
of the village of Kniveton, and one field away north-east from 
Woodeaves Farm; it is an indented ellipse in area, and may 
represent either one or two vents. Good sections of the agglomerate 
and of the Yoredale shales and limestones are seen in the steep 
and high banks of the two brooks which have cut their way 
through them. Sir Archibaid Geikie,* who visited the spot with 
me some years ago, remarks that the shales and these limestones 
may be seen much broken and plicated, their curved and fractured 
ends striking directly at the agglomerate, and that they may be 
traced to within a yard of the agglomerate. 

The agglomerate cuts across the strike of the beds on the 
north-west and south, and the vent is partly in the Mountain 
Limestone and partly in the lower beds of the Yoredale Series. 
A short distance north of the vent is a limestone-quarry. The 
beds in it consist of massive limestone with chert-nodules, and a 
few thin beds of shale. They form a syncline and an anticline, 


: , Geol. Surv. Mem. ‘ North Derbyshire’ 2nd ed. (1887) p. 86. 
‘ Ancient Volcanoes of Great Britain’ vol. ii (1897) p. 17. 
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and finally dip at an angle of 20° in a south-easterly direction 
towards the eastern brook. Similar beds of limestone are again 
seen in the western bank of the same brook dipping 15° south- 
eastward. . 

The following succession of beds in the Yoredale Shales was seen 
in the brook-course west of this vent :— 


SECTION IN THE BROOK WEST OF WOODEAVES VENT, GOING DOWN STREAM AND 
DOWN IN THE SERIES. 
Thickness in 
. ; feet  tnches. 
Shales, with a few thin limestones, dipping south- 


PEWIESE MANE | S128 0 an sa clale tele PRE ae nee RCE ERE 2 atONeO 0 
HiME SHANG , <j.4. #08 d de lan Qos peers Ceeeaes atone heen: 0 8 
Shale 2.5. ...: “ibis Saithsip Sese's gee Eee ae a eee OD 3 0 
itimestone and shale |) )...eeee sae eee ee yeas ) 
Small gap. 

Shale, dipping 20° south-westward .................664. 5 0 
HSDMMESLONE! ° 25.) 5.saika sony shitmecmmete ema eens ameeek Dalai ianen le 0 2 
Shale: with limestone: ..ewsate cee eee ne Serena 2 0 
Shale with a thin: limestones pyyessesne sae ee ees 10 0 
UIMMESLOME 0,5. chor «asciets« eRe RE Oe SANE ed wie arte ata ele 0 3 
Shale? “shy 02th c 3. 3542 ea ae atc Gare eee A 3 0 
EL MES OMOL..i:20.i.456. ee eee eee eee eee ee ae 0 2 
Shale (confused) about. ......... Hee oe eee Wa csc sacs chts 6 0 
Limestone, with Productus and encrinite-stems ...... ie 
Shales 21 cho. csdeeasnae sep Cee eet eee Eee cere are ie a 0 
Black limestone, nearly vertical, striking north- 
north-=weatward st02) scenes ei ee eee Me sane. os 4 
Shales, with a few thin limestones ................0.605 8 0 
Saale. a. oe paihic neni c Selsteel Sea oR =e eyt a an Meee ata aU 1 6 
Tote stone») oie sieniosceeeinee Hee CeO eC NSE OEE COE RE ERIN toe 8 ov 0 3 
Shales sic ....s locate eee eee ney oe menMe ESBS 2 6 
Limestone, with shale-partings .................-.0----+-. 2 9 
Juimestome: ©. 2 Sinise a ee ee nee crate 2 3 0 2 
Dhrale. v0 .c.caniadaed Sed een Ree aa CEE EEE ERE EERE Sc on el 0 4 
Pamestone neato ae ee eee Ree eects ee aula ss 0 8 
Shalev encees caseae sete Cee CE ee ERP RE REED Softwa 0 11 
Tnimvestome: \\5. ) cies aie se ie ieee ae ener 2 Rerccicais 5270 it 4 
Shale) 12. Fe ge tS dt oct es ee 0 8 
Black limestone, dipping south-west by west ......... 0 6 


Black limestones, which at first dip west-south- 
_. westward, roll over in an anticline, and then 
dip steeply 30° east-south-eastward ............... 8 0 


Total ...... 89 8 


~The beds then become vertical, and strike down stream in 
a south-south-easterly direction, the dip lessening in steepness 
(west-south-westward); they roll over in a small anticline with 
its axis pointing north-north-westward, and dip towards the vent 
at an angle of 60°. | | 

- The: agglomerate is seen on the opposite or east side of the 
stream. Good sections which appear in the brook-banks and on 
the higher ground consist, mainly of rounded blocks of igneous 
rock, varying in size from 1 inch to nearly a foot in diameter. 
Between the blocks, and often adhering to them, is a mass of small 
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glassy lapilli, often vesicular and seldom containing felspars or altered 
olivine. The blocks are vesicular or amygdaloidal, with altered 
olivine and felspar scattered often in a more or less isotropic base.! 

The only bedded tuff that I have discovered near this vent is 
found some little distance to the south, in the stream formed by 
the union of the two northern streams. ‘'wo thin beds of tuff, 
with a bed of limestone 1 foot thick between them, are seen in 
the bank and brook-course. ‘Two other exposures of agglomerate 
in the Yoredale rocks are seen, the one in the banks of a stream 
a short distance north-west of the larger vent described, the other 
some distance to the north and to the south-west of Lea Farm. 
They probably are volcanic vents and not bedded tuff, although 
(especially in the latter case) their relations to the surrounding 
rocks cannot be clearly made out. The limestones immediately 
to the south of the former exposure are vertical, and strike at. 
the agglomerate. 


Wibben-Hill Vent.—East and north-east of the village of 
Tissington, a bed of tuff was seen during the construction of the 
London & North-Western Railway. The sections were described 
by me in 1899.2. A bed of tuff with included blocks was exposed 
in the cutting immediately to the east of Tissington. Since the. 
paper just mentioned was published, I have been able to trace this 
outerop of tuff over a larger area. Wibben Hill is nearly in the 
centre of that area, and has the contour of a vent. The deposit 
of tuff surrounds it on all sides, and on the hill itself the ejected 
blocks are bigger and more numerous than those in the railway- 
cutting. Its relations to the surrounding rocks are not so clear 
as in other cases, because the limestones and shales are contorted 
and the ground in the neighbourhood is often covered with Dritt. 

In two small quarries, respectively north and south of the hill, 
the limestone and shale are seen below the tuff. In the southern 
quarry the dip is 20° south-westward, showing that the agglomerate. 
cuts across the strike. The boundary between the tuff and the 
agglomerate is uncertain ; 1 have therefore denoted it on the map 
(Pl. XXII) by a broken line. 

The contour of the hill, its relations to the bedded tuff, and 
the numerous ejected blocks on its slope and summit, may be 
adduced as an argument in favour of its being a vent or the lower 
part of the volcanic cone directly connected with the thick deposit 
of tuff. The only alternative supposition appears to be that 
the hill consists of a small, sharp, and very symmetrical pericline 
of limestone and shales covered by a layer of tuff. In that case 
it is difficult to understand why the softer covering of tuff has 
not been removed by denudation, leaving the beds underneath it 
exposed.” 

1 Quart. Journ. Geol. Soc. vol. 1 (1894) pp. 638-39. 

2 “Geology of the Ashbourne & Buxton Railway’ Quart. J ourn.’ Geol. Soc. 
vol. lv (1899) pp. 224-37 & pls. xvii—xviii. 


3 ‘Sketch of the Geology of the Lower Carboniferous Rocks of ‘Derbyshire? 
Proc. Geol. Assoc. vol. xvi (1899-1900) p. 212. 
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Tufts. 


_ Until within a few years ago no contemporaneous tuffs had 
‘been discovered in the Yoredale rocks of the county. A small 
patch of toadstone in the Mountain Limestone, marked on the 
‘Geological-Survey map a short distance to the north of Tissington, 
was the only igneous rock supposed to come to the surface in the 
neighbourhood of that village. 

During the construction of the Ashbourne & Buxton Railway, 
which was opened in 1899, some interesting sections of contem- 
poraneous tuffs were seen in four of the cuttings. That in Tis- 
-sington cutting was described by Dr. Wheelton Hind,’ and those in 
the whole of the cuttings from Tissington to Parsley Hay by me.’ 
With the object of making the present paper complete, I give a 
short summary of the results. 

In the cuttings from Tissington to Crakelow four exposures of 
the same bedded tuff were seen. 

In one place only, namely in Tissington cutting, was the whole 
“bed seen. It was 140 feet thick, and consisted of lapilli of a 
pumiceous rock, ranging from microscopic dimensions up to an 
4nch or so in diameter, in lamine of varying thickness. Scattered 
irregularly throughout the mass were ejected blocks, rounded or 
-subangular in shape, and either vesicular or amygdaloidal. In size 
they varied from several inches up to a foot in diameter, and their 
microscopic structure was similar to that of some of the blocks in 
the Woodeaves-Farm Vent described above (p. 267). Among the 
+hin limestones and shales which lie above the thick tuff-bed 
“were numerous intercalations of tuff varying in thickness from a 
quarter of an inch to 2 feet. These layers often contained encrinite- 
-stems, Productus, and fragments of fossiliferous limestone. The 
intermittent eruptions which gave rise to these bands of tuff 
continued during an accumulation of at least 80 feet of shales and 
thin limestones. | 

From a section seen in Newton-Grange cutting it 1s probable 
-that the thick tuff is on a horizon about 60 feet above the main 
mass of Mountain Limestone. The volcanic action in this 
neighbourhood, therefore, probably continued about 140 feet up 
“into the Yoredale Series. (See vertical section No. III, p. 249.) 


Lavas. 


_ Two bands of vesicular and fine-grained dolerite are found, one 
on either side of the valley, a short distance south of Kniveton. 
“The Geological-Survey Memoir (op. yam cit. p. 87) explains their 


1 ‘ Section in Carboniferous-Limestone Shales at Tissington, &c,’ North Staffs. 
Nat. Hist. Field-Club Report, vol. xxxii (1897-98). 

2 *Geology of the Ashbourne & Buxton Railway’ Quart. Journ. Geol. Soc. 
wyol, ly (1899) pp. 224-37, & vol. lix (1903) pp. 8387-47. 
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presence bv parallel faults orintrusion. According to Sir Archibald 
Geikie,’ to whom J showed the band on the western side of the 
valley, there is no trace of a fault, and the bands are either ‘ inter- 
calated lava-streams or intrusive sills.’ The microscopic structure 
of the dolerite is like that of a lava-flow, and unlike that of the 
Derbyshire sills. A careful examination of the ground shows that 
the stream passes through an anticline in the shales and limestones, 
the beds of limestone between the dolerites being often vertical. 
The limestones and shales dip on either side of the valley west- 
ward and eastward, at angles up to 60°. It is, therefore, likely that 
the two bands form part of the same bed, brought up by a pericline 
through which the stream has cut its way. The limestones above 
and below the lava show no signs of marmorization. 

The lava to the west rests upon that fine-grained dark variety of 
crystalline limestone which is so common in the Limestone-Shales, 
It is followed by a coarser limestone consisting of fossil-fragments. 

A short distance west of Shaw’s Farm, north of Tissington, 
a vesicular and amygdaloidal rock is seen in two small knobs 
or hillocks, between which a small hollow runs down to the Farm. 
On the east the southern part of the outcrop disappears under the 
limestone, which in turn is succeeded by shales. The limestone 
probably belongs to the Yoredale Series. I have been unable to 
trace the rock for any noticeable distance, and consider that it 
forms part of a lava-flow. 


V. Tue Inrrustve Doterites or SILLs, 


The intrusive rocks or sills are confined to the Mountain Lime- 
stone (maps, Pls. XIX & XXI), and with three exceptions consist 
of ophitic olivine-dolerite. Near the margins they generally pass 
into a dolerite with granular augite, or arock composed of felspar- 
laths and olivines in a more or less cloudy base, 


Peak-Forest Sill (Pl. XIX).—This intrusive mass is an 
ophitic olivine-dolerite which passes into a fine-grained dolerite at 
its upper margin, and is best seen near Mill Cottage in Dam Dale. 
Contact-metamorphism in the limestone above the sill may be seen 
for some distance on the east and west sides of the valley. 

Sir Archibald Geikie,* in referring to this sill, says that 
‘the limestone above a coarsely crystalline dolerite has been converted into 
a white saccharoid marble for about 2 yards from the junction.’ 
. The sill may be traced westward as far as the road from Peak 
Forest to Peak-Forest Station, and on the north it extends in a 
narrow strip through the village and round to the north of Snelslow 
Plantation, where it is carried by an easterly dip below the limestone. 

A small patch of the same rock occurs a short distance north of 


¥ « Ancient Volcanoes of Great Britain’ vol. ii (1897) p, 17. 
a Toid: p. 22. 
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Laneside Farm. The intrusive rock extends therefore under 
Snelslow, and measures two-thirds of a mile from north to south 
and half a mile from east to west. North of Snelslow it is in places 
an ophitic, and in others a fine-grained, dolerite, similar to that near 
the upper margin at Mill Cottage. The sill is thickest near Mill 
Cottage, and the contact-alteration in the limestone above it is 
greatest there. 

Several thin slices of the marginal rock were examined under 
the microscope. One specimen contained small augite-plates (seldom 
penetrated by felspars) and small prisms of augite. It is a transition 
between the ophitic and the granular type of intrusive rock. About 
1 foot below the limestone the rock consists of a much-altered 
dolerite, of which altered plagioclase-laths and secondary silica in 
veins form the bulk. The upper margin consists of an altered 
olivine-dolerite with granular augite, traversed by veins of crystal- 
line silica. 


Potluck Sill (Pl. XIX).—-About a mile and a third east of the 
village of Peak Forest and two-thirds of a mile north of Wheston, 
big blocks of a coarse-grained dolerite project above the surface of 
the ground over an area of nearly 90 acres. South of Potluck in 
the surface-soil are numerous blocks and spheroids of a partly- 
decomposed dolerite, on the weathered surfaces of which are seen 
the reddish-yellow pseudomorphs of olivine possessing the charac- 
teristic outlines and cracks of that mineral.! The intrusive sheet 
rests upon the limestone-beds to the west, which dip under it at an 
angle of 10°. Its eastern boundary cuts across the strike of the 
limestones near the road between Peak Forest and Tideswell, and 
in the small valley to the north of Wail Cliff. On the northern and 
southern boundaries it has pushed its way up to the lower lava of 
the Miller’s-Dale area. Although there are no well-marked signs 
of contact-alteration in the limestones above the sill, big blocks of 
marmorized limestone lie in a field to the north; and in two small 
quarries the limestone is crystalline, and has a powdery fracture. 
In the north-western portion of the sill are several small quarries, 
in which blocks of the igneous rock are seen in a clay on the surface 
of the limestone below. ‘The sill is here very thin, and no altera- 
tion of the limestones below it has been detected. A measurement 
of the beds shows that near the northern boundary the igneous rock 
is less than 50 feet thick. | 

It is interesting to refer to Whitehurst’s information on the 
thickness of the toadstone-beds in the immediate neighbourhood.’ 
He states that at Black Hillock (a shaft near New Farm, on the 
south-eastern boundary of the northern limb of the sill) a shaft was 
sunk 100 fathoms in the toadstone and the bottom was not reached, 
and that its thickness varied from 2 to 19 fathoms in seven other 
mines north and north-east of the Hillock. In Chapmaiden Mine, 

1 Quart. Journ. Geol. Soc. vol. 1 (1894) p. 613 & pl. xxiv, figs. 2-4. 


2 «An Inquiry into the Original State & Formation of the Harth’ 4to. 
London, 1778, p. 161 & pl. vii. 
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where he states that it was 17 fathoms thick, the shaft was sunk 
through a vesicular lava (blocks of which are to be feund on the old 
hillocks), probably the lower lava of the district. 

The Black-Hillock shaft was in the coarse dolerite, and probably 
in the pipe up which the intrusive rock came. On the Hillock are 
blocks of ophitic olivine-dolerite, and of a dolerite with granular 
augite. 
. The intrusive rock is generally a typical ophitic olivine-dolerite ; 

but in places the augite loses its ophitic character, and forms larger 
or smaller irregularly-shaped grains between the big felspar-laths. 
In an old limekiln north of the sill are seen blocks of a laminated 
calcareous tuff, consisting of small rounded pebbles of limestone and 
lapilii, some of which are minutely vesicular, others containing 
felspar-laths cemented by carbonate of lime. They are probably 
from a tuff connected with the lower lava. 

The Potluck sill is about 800 feet higher in the Mountain Lime- 
stone Series than the Peak-Forest sill. This estimate is based on 
the dip of the limestone-beds and the fall of the ground between the 
two exposures, 


Waterswallows Sill (Pl. XIX).—A little more than 1 mile 
north-east of? Buxton and south of Waterswallows, is a boss of 
dolerite about half a mile in diameter. It forms a slight eminence, 
the highest parts of which are 40 feet above the surrounding country. 
A few small exposures are seen, and numerous blocks of the hard 
igneous rock are distributed over the ground. Apparently it cuts 
through the lower lava of the northern area and the limestone-beds 
on the north-east. This is the only large intrusive mass in which 
I have not found the ophitic type of dolerite, although the coarse- 
grained structure met with in other sills is present. 

The rock varies from a coarse-grained olivine-dolerite in which 
felspar predominates, through an intermediate type, to a fine-grained 
dolerite or basalt with small portions of interstitial matter. The 
three types may be thus tabulated :— 


Big felspars. Smaller felspars. Very small felspars. 
Augite in big grainsand Smaller augite-grains. Small augites. 
prisms. 
Olivine insmall pheno- Big olivines. Big olivines, 
crysts. 


Tideswell-Dale Sill (Pl. XIX) was described in vol. lv (1899) 
of the Society’s Journal, pp. 239-49 & pls. xix—xx. 

The intrusive mass attains a thickness of about 60 feet, and may 
be divided into five bands or zones. The central portion, which is 
at least 6 feet thick, consists of a coarsely-crystalline ophitic olivine- 
dolerite ; ahove and below it are bands of the type with granular 
augites and big felspars (compare the Waterswallows Sill, above). 
The base and top consist of a fine-grained olivine-dolerite, with 
granular augite and felspars. If the measurements of the two lowest 


Q.J.G.8. No. 251. u 
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bands hold good for the two upper bands of similar structure, we 
should have the following section, which is correct for the lowest. 
31 feet and probably not far out for the upper 25 feet :— 


Thickness 
in feet. 

A. Fine-orained olivine-dolerite Weert ysceeeetrn seco eeeeeee cee tee 14 
B. Coarse-grained olivine- dolerite, in which the felspars 

PLEMOUIMALC ic \ wank sci. commento Mere eats aes eta eRe eeCe AEE 11 

C. Ophitic olivine-dolerite, in which the augite predominates . 6 

D. Coarse-grained olivine-dolerite similar to B..................06+ 11 

EK. Fine-grained olivine-dolerite similar to A .................... 14 

MOCa Taree: 56 


The intrusive rock, which has penetrated into the lower lava of 
the northern area, is found at different horizons in the lava, resting 
upon the limestone below the lava and upon a bed of clay which is 
found in places above the limestone. The clay has been rendered 
columnar, and the limestone has been marmorized. 


New-Bridge 8ill(Pl. XIX).—At New Bridge, about 1 mile west 
of Ashford-in-the-Water, on the road from Ashford to Taddington 
and Buxton, a fine exposure of igneous rock about 50 feet thick is 
seen on the left bank of the River Wye. The upper 30 feet con- 
sist of a slaggy, vesicular, and amygdaloidal lava, contemporaneous 
with the thin cherty limestones above it. The limestone-beds: 
‘above the lava are not altered, and the upper few feet of the latter 
contain decomposed pyrites. 

The lower 20 feet of the igneous mass exposed by the roadside 
consist of a hard, compact, ophitic olivine-dolerite with spheroidal’ 
weathering, very similar in appearance to the coarser portions of the 
Tideswell-Dale Sill. The base of the igneous rock is not seen at this 
place, but a few hundred feet nearer Buxton the dolerite on both 
sides of the river rests upon the limestone below it. I have been 
unable to find any signs of marmorization in these limestones, which: 
contain layers and nodules of chert. 

Above the right bank of the river, below Great Shacklow Wood, 
large blocks of coarse dolerite are seen in a field; and on the 
opposite side of the valley are blocks of a similar rock 2 situ below 
the lava-flow. Here the intrusive rock soon thins out, but the lava 
above it may be traced northward, to a point about 800 feet east of 
Brushfield Hough, where it crosses the river. I have been unable 
to trace it farther, because of the scree on the hill-slope. A good 
section of the lava is also seen on the right bank of the river near 
the Saw-Mill, a short distance south of New Bridge. 

The lower parts of the igneous mass near New Bridge consist of 
an ophitic olivine-dolerite, which is more or less altered. Nineteen 
thin slices were examined under the microscope. The olivine is. 
replaced by the Potluck pseudomorph and by calcite, serpentine, 
and other alteration-products. In some cases the augite and fel- 
spars are quite fresh. 

The blocks in the field on the right bank of the Wye vary from an. 
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ophitic olivine-dolerite, through a dolerite with large augite-grains 
and small patches of ophitic structure, to a dolerite with granular 
augite. 

The following brief description of the structure of the lava above 
the dolerite will show the difference between the two types of rock 
found in the sill and in the lava-flow. The lava a few inches from 
the top and from its junction with the limestone (905) * is a much- 
altered dolerite, with felspars of two generations and iron-oxide; 
there is no certain trace of augite. Other portions (12, 11, 10) 
consist of an amygdaloidal dolerite: the vesicles are filled with 
crystalline calcite and chlorite; the olivine is altered to calcite 
and chlorite; the felspars are turbid and of two generations ; the 
matrix consists of iron-oxide, or of very minute ill-defined felspar- 
laths or microliths as well as iron-oxide. 

The intrusive rock contains veins or dykes of a finer-grained 
rock. Some of these dyke-like masses are a partly-decomposed 
ophitic dolerite (943, 944) ; others (903, 942) consist of a fragmental 
rock, composed of small pieces of a more or less rounded green 
chloritic material, red isotropic patches, and pieces of rock with 
felspars in an iron-oxide base: the whole being cemented together 
with dusty and reddish-brown fragments. In the former case, the 
dyke-like structure may be simply due to joints in the ophitic 
dolerite, and in the latter to the filling-in of joints by fragments of 
the adjacent rock or of the lava above. 


Ible Sill (Pl. X XI) is situated immediately to the east of the 
village of Ible. It measures about half a mile from east to west, 
and a third of a mile from north to south. Soon after passing Griff 
Grange, a footpath leads up through a small ravine in the limestone 
to the village of Ible. On emerging from the wood the path passes 
over the junction, and enters the igneous rock. 

On the north-east, near Whitecliff Farm, the toadstone passes 
under the limestone with a north-north-easterly dip of 20°, and near 
the eastern boundary the limestone dips north-eastward. On the 
south of the sill, on both sides of Griff-Grange Valley (a continu- 
ation of the Via Gellia towards Winster), the limestones dip nearly 
due west. About 200 feet of the igneous rock are seen on the same 
horizon as the adjacent limestones: it evidently traverses the beds 
of limestone, and is intrusive. Further proofs of the intrusion are 
found in the partial or complete marmorization of the limestones 
immediately to the south of the sill, andin its microscopic structure. 

The only type of rock that I have been able to find in the 
intrusive mass is an ophitic olivine-dolerite, rich in olivine- 
phenocrysts. The olivine occurs in large idiomorphic crystals 
measuring up to 5:5 millimetres in length, and in groups or nests of 
crystals. It is embedded among the felspars, and present in the 
ophitic plates of augite. In the more altered portions of the rock 
the olivine and augite are replaced by calcite. 

1 Numerals in parentheses refer to the numbers of the slides in the Author's 
collection, 9 

wis 
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Bonsall §ill (Pl. XX1).—This mass of intrusive rock lies imme- 
diately north-west of the village of Bonsall, covering the surface of 
the ground for a distance of two-thirds of a mile from east to west 
and over half a mile from north to south. The area covered by the 
igneous rock is greater than that of any other sill in the county. 
On the north it is bounded by the lower lava-flow of the Matlock 
district, and probably dips under it. On the west it cuts across the 
limestones between Bonsall Lane and Moorlands Lane, which dip 
from 50° to 20° in a northerly direction. On the east it 1s bounded 
by the quartz-rock and quartzose limestones of Pounder Lane.* 

Numerous springs rise from the surface of this rock north of the 
village, and the ground is in many places more or less swampy. 
To the presence of the sill, which is impervious to water, the inhab- 
itants of Bonsall owe their water-supply. Big blocks of the dolerite 
are seen in the fields, and the loose stone walls are mainly composed 
of it. There is no visible junction between the igneous rock and 
the limestones above it ; but a cursory examination of the ground 
shows that the igneous mass occurs at different horizons in the 
limestone. Near its southernmost extension, in the upper part of 
the village near the Methodist Chapel, the rock is much decomposed 
and fine-grained, but in other places it isa very hard and coarse- 
grained rock spangled with glittering golden-coloured patches of the 
pseudomorphs of olivine described in a previous paper.” Seventeen 
thin slices, from various parts of the mass, have been examined 
under the microscope. The rock varies from a very coarse-grained 
dolerite without olivine, through an ophitic and subophitic olivine- 
dolerite, to an olivine-dolerite with granular augite. 

The coarse-grained dolerite is exposed ata distance of about a 
sixth of a mile from the south-eastern boundary of the sill. It is 
the only rock of this structure that I have found in the county. 

Thin slice 643° consists of augite, plagioclase-felspar, and 
magnetite or ilmenite, with patches of (probably) interstitial 
matter. In some portions of: the thin slice the augite encloses the 
large felspar-crystals and laths, forming the ophitic structure on 
a large scale; in others the augite is enclosed in the felspar, with 
an approach to the pegmatitic structure. In others again, the 
felspar and augite have interfered with each other’s growths: some 
felspars apparently crystallized before the augite, and others after. 
The felspars attain a length of 2:25 millimetres, and both the felspars 
and the augites are nearly as big as the idiomorphic olivines in the 

-ophitic parts of the igneous mass. 

The ophitic type is rich in olivine-crystals, which attain the size 
of 3°3 x 2:25 millimetres. The olivine occurs both as idiomorphic 
crystals, and in groups or nests of crystals among the felspars and in 
the augite-plates. In some specimens it is unaltered, except along 


1 Quart. Journ. Geol. Soe. vol. liv (1898) pp. 169-82 & pls. xi-xii. 

2 Ibid. vol. 1 (1894) p. 616. 

3 This and other numerals applied to the slices correspond to the number 
of the slides in the Author’s collection. 
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the cracks (thin slices 187, 315, 316, 317, 675); in others (671, 681, 
100, 314) it is altered to the Potluck pseudomorph, The felspars 
are generally small. 

Some specimens show the transition from the ophitic to the 
subophitic type. Slice 670 contains some large ophitic plates of 
augite, and small augites with a few felspar-laths sticking into them, 
with small patches of interstitial matter containing magnetite-rods 
and minute felspar-microliths. The granular type (307) consists of 
olivine altered to the Potluck pseudomorph, with small granules 
of augite and felspar-laths. The olivine-crystals are small, reach- 
ing a length of only 1 mm., and the biggest augite-granule measures | 
about 16 mm. In some cases (312) the felspars are bigger, and 
reach a length of 1-25 mm. Another specimen (376) combines 
the subophitic and granular structures. It is mainly a dolerite 
with granular augite, but contains one small ophitic plate of that. 
mineral. | 

The rock at the upper margin near the Methodist Chapel is much | 
decomposed (1137). Pseudomorphs of olivine and altered felspar- 
laths are present. The olivine often has been replaced by a quartz- 
like mosaic, and the rock is similar in many respects to the upper > 
margin of the Peak-Forest sill. i 

There are two other small outcrops of toadstone, which complete 
the list of intrusive rocks of the county. 


High-Peak Tavern (Pl. XIX).—On the road between Peak 
Forest and Tideswell is a small outcrop of igneous rock which is 
probably intrusive. It is a very fine-grained dolerite or basalt. 
The groundmass consists of small felspar-laths, and small grains and 
prisms of augite. The felspars sometimes attain a length of 0°5 
millimetre, and the augite-grains and prisms a length of 0-05 mm. . 
The olivine is in idiomorphic crystals, and is unaltered except along 
the cracks: one crystal measures 1°25 mm. in length. ‘The rock is 
in a very fresh condition, and (so far as can be ascertained) cuts 
across the strike of the limestones. 


Low Farm (Pl. XXI).—Immediately south-west of Low Farm 
near Bonsall is a small exposure of olivine-basalt, which cuts 
across the strike of the limestone-beds to the south-east of it. It 
does not appear to be connected, either with the Bonsall sill, or with 
the lower lava of the Matlock area. The olivine-phenocrysts attain 
a length of 0°5 millimetre, and are often unaltered, except along 
the cracks. The felspar-laths are of about the same length as the 
olivine-crystals. The groundmass consists of magnetite in small 
cubes and crowds of augite-prisms, the largest of which measures 
about 0°028 millimetre in length, and a felspathic or colourless 
glassy material without microliths. 


The following table embodies a comparison of the structures of 
the intrusive masses described in the preceding pages. The smaller 
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is the intrusive mass, the more nearly it approaches a basalt. The 
larger is the mass, the coarser-grained it becomes ; but, towards the 
margins, it passes into a fine-grained dolerite or basalt. 

The lavas up to, or through which, some of the sills penetrate are 
mentioned in the table. No intrusive rock known in the county 
penetrated the limestones up to a greater height than about 400 feet 
below the top of the Mountain-Limestone Series. 


Lava, wp to Large | Dolerite 
Name of | or through Bele a Ophitic Sos Felspars with Ba- 
j : graine : ophitic | -. 
Sill. which oles Dolerite. Dolerite, ith small | granular | salt. 
penetrates i ‘| Augites. | Augites. 
peat 
Sey ‘ x x uF x 
lower 

odhale : northern area, as x x 
Water- 

swallows. ‘ 20. “ a 

ri S Do. x 5 s 
New 

Bediee. : ce x x x x 

Ible . i ke x oe 

lower 

Bonsall.. - Sbaternen x < x x x 
High-Peak 

Tavern. 

Low Farm. 


VI. Summary anp Concrusion, 


Since the year 1783, when William Withering’ gave an analysis 
of two mineral substances, namely, the Rowley Rag and the Toad- 
stone, much has been written on the Derbyshire toadstones. 
Attempts have been made to prove that either three or only one 
bed of toadstone extended through the whole district of the Mountain 
Limestone of Derbyshire. The results of the investigations detailed 
in this paper, and on the accompanying maps, show that the 
toadstones must be divided into two groups: those contemporaneous 
with the Limestone and Limestone-Shales, and others which were 
intruded ata later period. The former consist of volcanic vents 
with lavas and tuffs, and fall geographically and geologically into 
three areas of volcanic activity distinguished by their extent, and 
by the horizons of their main lava-flows and tuffs. The north- 
western or Miller’s-Dale area is the largest, and in many respects is 
similar to the south-eastern or Matlock area; while the Tissington 
or south-western area contains the latest phase of contemporaneous 
volcanic action, which was continued into the YoredaleSeries. The 
majority of the vents are composed of volcanic agglomerate ; but. 
the Calton Vent near Miller’s Dale is a typical basalt, with a small 


1 Phil. Trans, Roy. Soe. vol. lxxii, pt. ii, pp. 327-36. 
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portion of agglomerate, and the Hopton Vent is a breccia of basalt- 
fragments. The contemporaneous lavas are vesicular and amygdal- 
oidal in structure, and often very much decomposed. They contain 
olivine, augite, and felspars, magnetite and oxide of iron. The 
felspars are often present in two generations, namely, in big 
elongated crystals with broken ends andin small laths. The olivine 
is generally altered to serpentine and oxide of iron, the augite is 
seldom fresh. The intrusive rocks or sills are for the most part 
ophitic olivine-dolerites, and pass from a very coarse-grained dolerite 
through the intervening stages to a fine-grained dolerite or basalt. 
These dolerites are similar in structure to those of Tertiary age 
described by Prof. J. W. Judd." 


EXPLANATION OF PLATES XIX-XXII, 


[These four plates are geological maps of the areas in which the toadstones 
appear at the surface, on the scale of 2 inches tol mile (the Ashover inlier 
excepted). The topography is based on the 6-inch Ordnance-Survey maps, and 
the boundaries of the Millstone Grit, Yoredale rocks, and Mountain Limestone 
are taken from the 1-inch Geological-Survey maps, except that in Pls. XXI 
& XXII slight deviations in the Mountain-Limestone boundaries have been 
made. The dips are inserted from my own observations. | 


Puate XIX. 
The Miller’s-Dale or north-western area of volcanic activity. 


Puates XX & XXI. 
The Matlock or south-eastern area of volcanic activity. 


Puate XXII. 
The Tissington or south-western area of volcanic activity. 


Discussion. 


The Prestpent recalled the attention of the Meeting to some of 
the interesting incidents connected with the history of the inves- 
tigation of the Derbyshire toadstones. It was Whitehurst who, in 
his ‘ Inquiry into the Original State & Formation of the Earth,’ 
published in 1778, first recognized the volcanic origin of these 
rocks, which he declared to be ‘as much a lava as that which flows 
from Vesuvius or Etna.’ Faujas de St. Fond visited the ground in 
1784, after an interview with Whitehurst in London, who showed 
him his specimens of the toadstones and appealed to the French 
traveller’s extensive experience of volcanic countries. Faujas had 
evidently made up his mind, from an examination of these speci- 
mens, that the toadstones were only varieties of ‘trap,’ which, like 
the Wernerians, he looked upon as an aqueous deposit. Hence, 
when he came to Buxton with this prepossession, though he noted 
the remarkable resemblance of some of the toadstones to true lavas, 


1 Quart, Journ. Geol. Soc, vol. xlii (1886) pp. 49-95. 
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he regarded the rocks as undoubted ‘traps, and therefore having 
no connexion whatever with volcanic action. He did not, however, 
convince Whitehurst, who subsequently printed a second edition of 
his treatise with the same confident assertion that the toadstones 
were lavas. So far as the speaker’s memory went, it was Jukes who 
first brought forward evidence that some at least of the toadstones 
marked contemporaneous eruptions during the time of the Carboni- 
ferous Limestone, and included interstratified tuffs. The Author, 
in his first communication, had thrown a flood of fresh light on the 
voleanic history and petrographical characters of these Derbyshire 
rocks. His present paper was a worthy continuation of the same 
careful investigation, and his detailed mapping of the different 
volcanic areas was an especially-valuable contribution. But, until 
the stratigraphy of the Carboniferous Limestone has been accurately 
determined, something must still be wanting for a complete history 
of the volcanic eruptions of the region. 

Mr. G. Barrow congratulated the Author on the complete 
account which he had given of the history of volcanic action during 
Lower Carboniferous times in Derbyshire. That epoch had been 
marked by volcanic activity in the greater part of the British Isles ; 
and it was interesting to note that some of the Author’s rock-sections 
showed an identity of structure and composition with specimens 
from areas so far away as the Kast Lothians. 

Mr. C. B. Wepp rejoiced that the Author had completed the 
important task which he had undertaken. As want of time had pre- 
cluded the development of the Author’s stratigraphical evidence in his 
remarks that evening, they were not yet in a position to appreciate 
the scope of his work. The speaker was glad to hear the Author 
maintain the existence of sills at Bonsall and Ible, as he had himself 
for some time suspected that such was the nature of some of the 
igneous phenomena there exhibited. 

Mr. E. Greenty enquired whether there was any considerable 
series of basic dykes in connexion with the lavas and sills; and if 
so, in what direction was their strike. 

‘Mr. T. F. Srsty spoke of the valuable assistance which he had 
received, in his investigation of the faunal succession in the Car- 
boniferous Limestone of Derbyshire, from the Author's detailed 
and accurate tracing of the toadstones. 

Mr.G. W. Lamertves asked, having regard to the questions which 
had arisen respecting similar rocks in Ireland, whether the Author 
had been able to form an opinion as to the time-relation of the 
intrusive sills and dykes to the contemporaneous volcanic rocks. 

Prof. E. Hurt said that he had listened with much interest to 
the paper, and appreciated the amount of work which had been 
expended by the Author on his investigations into the volcanic 
lavas of the Derbyshire limestone. When he (the speaker) was on 
the Geological Survey, and engaged in levelling sections over the 
Carboniferous area, he found, on protracting the sections (three in 
number) to scale, that the Carboniferous Limestone attains a thick- 
ness of over 3000 feet without reaching the base of the formation, 
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which never comes to the surface in that county. If his recollection 
served, there were only two distinct lava-flows then recognized ; 
he gathered from the paper that the Author had identified three. 

As regarded the volcanic beds of County Limerick, which had 
been referred to, there could be no question about their age. The 
rocks consisting of ashes and lapilli, felspathic lava and basalt, 
surmounted by the columnar felstone with crystals of augite, that 
formed the crest of Knock Roe, were conformable to the Carboni- 
ferous Limestone of Mount Lawrence and passed below the Yoredale 
Shales ; while the ‘ pipes’ or ‘throats’ from which the lavas were 
extruded occurred as isolated bosses outside the volcanic area. 
The speaker, ever since his visit and survey of the district in 
company with members of his staff, had recognized ‘ the Limerick 
traps’ as representative of the volcanic lavas of Derbyshire, and he 
was unable to discover any grounds for referring their age to the 
Tertiary Period. 

The AutHor thanked the Fellows for the kind reception which 
they had given to his paper, and replied that the few dykes observed 
in Derbyshire were found in the agglomerates of the Grangemill 
and Hopton Vents and in the upper lava near Priestcliffe. With 
reference to the question of the relative ages of the sills and lava- 
flows and tuffs, there was no doubt that the sills were intruded at 
a later date. Although in several cases the sills came into contact 
with lava-flows, in the case of the Tideswell-Dale sill the intrusive 
rock had transgressed portions of the lower lava-flow, but had not 
reached the top of that flow. 
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15, On the XeRnopuyric Cuaractrers of certain CoaL-PLANts, and a 
SuecEsteD ORIGIN of Coat-Beps. By the Rev. Prof. Gzorcz 
Henstow, M.A., F.L.S., F.G.8. (Read May Ist, 1907.) 


In endeavouring to interpret the nature of the coal-flora, we can 
only do so by comparing the various members of it with living 
plants ; and, when this is done, their anatomical structures exhibit 
both hygrophytic as well as strong xerophytic characters in various 
genera. It has been generally supposed that the whole of the 
coal-flora consisted of marsh-herbs and trees. They all, therefore, 
ought to reveal hygrophytic characters, such as the following, which 
are nearly always to be found in living aquatic plants :— 

If they be hydrophytes, then there will be, as a rule, no axial 
root. An illustration of the basal part of a stem of a Calamite, in 
Prof. Seward’s work on ‘ Fossil Plants’ vol. i (1898) p. 343, affords 
an excellent example of an aquatic plant. The arrest of the axial 
root and lower extremity of the stem is probably due to the absence 
of oxygen in the mud nevessary for respiration, and the presence of 
poisonous gases, such as marsh-gas. A similar form of stem with 
adventitious roots is well seen in our common Gnanthe Phellandrium. 
This is, in fact, characteristic of Dicotyledonous aquatic plants and 
of all Monocotyledons. The form of the stem is an inverted cone, 
having adventitious roots, forming the so-called ‘ prop-roots’ of 
mangroves (and of the terrestrial Pandanus or screw-pine, maize, 
and palms, among Monocotyledons) ; or else the presence of ‘ pneu- 
matophores’ is the most characteristic morphological feature of 
water- or swamp-plants. 

With regard to the internal tissues, there will be an abundance 
of lysigenous lacunse, which may occur in the pith, in the inner 
extremity of the vascular bundles, and in the cortex of the roots. 
Regularly -formed schizogenous lacunz, constituting complete 
aérenchymous tissue, may be looked for in the stems and petioles 
of leaves. On the other hand, a relatively-great reduction of 
supporting tissues will occur, with no sclerenchyma in the sub- 
merged organs, although this tissue may be necessary in the aérial 
portions, if the atmosphere be dry. 

The great and uniformly deteriorating effect of water upon 
all kinds of vegetation must not be forgotton, when we are en- 
deavouring to account for the abundance and gigantic size of many 
of the trees of the Coal Period. 

Commencing with the Equisetales—represented now by the 
sole genus Hquisetum or horsetail—the members appear to have 
been upon the whole decidedly hygrophytic; though this does not 
preclude the fact that some species may have become adapted to 
live on dry land, and acquired characters of a more or less xero- 
phytic nature in adaptation to new environments. Such, appears to 
have been the case with Calamodendron intermedium, which has 
strengthened its stem by making part of the medullary rays 
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sclerenchymatous. A parallel case is seen in our common species 
Equisetum arvense, which, although retaining its hereditary lacune, 
has run up silicified? ribs on the circumference of the stem for 
the sake of strength. 

It has been suggested that, since several herbaceous plants 
occur in the humus of bogs in moors, having xerophytic features, 
the trees of the Coal-Flora might have lived in freshwater marshes 
notwithstanding their pronounced xerophytic or mesophytic 
characters. But, since fresh water never gives rise to 
xerophytic structures, it must be observed that the presence 
of such plants in bogs is due to migration from dry situations ; 
they have, then, retained such ancestral morphological characters as 
are immaterial, provided the internal structure of the roots has 
become adapted, if necessary, to aquatic conditions. This is what 
takes place, as seen in the aérenchyma of the pneumatophores even 
of strongly-xerophytic trees, as notably in the deciduous Cypress 
(Taxodium distwchum). As examples of plants normally found in 
dry woods, heaths, etc., Dr. A. F. W. Schimper especially notes a 
grass (Aira flewuosa) and a parasite (Melampyrum pratense) as 
growing in bogs.” 

As some stress has been laid upon the presence of xerophytic 
plants in bogs as supporting the idea that coal-plants were natives 
of marshes, it will be as well to quote Sir J. D. Hooker’s remarks 
on the above grass, as he gives the usual and natural habitat 
(‘Student’s Flora’ 3rd ed. 1884, p. 483) :— 


‘ Dry woods, heaths, etc., N. to Shetland, ascends to 3700 feet in the High- 
lands.; sieneme Leaves short, curved, grooved.’ 


Such are xerophytic features, and no mention is made of their 
presence in bogs. Hence it would be somewhat misleading to call 
these interlopers ‘ bog-plants.’ What really takes place is, I re- 
peat, that the form or external morphological features 
are retained, but (wherever necessary) the anatomy is 
changed. Hence such plants might be regarded as having become 
xeromorphic hygrophytes ; just as when the water-crowfoot grows 
on the mud of a dried-up pond it becomes a hydromorphic mesophyte. 
But, in the case of Lepidodendra, these do not seem to have any 
signs of specially-adaptive tissues in harmony with water. The 
roots (Stigmarza) and trunks are xerophytic, as Prof. Seward has 
pointed out. They could only have acquired their characters by 
having lived for many generations from their first origin on dry 
ground, even if they ever migrated to a swamp and retained their 
characters. 

1 According to MM. Gaston Bonnier & Leclere du Sablon, ‘Cours de Bota- 
nique’ vol. ii (1904) p. 1843, who describe them as fibres silicifiées de 


1’ écorce. 

2 Dr. Schimper’s suggestion that the cause of xerophytes in bogs may be 
due to humic acid has been disputed, if not disproved ; nor does he state why 
other and normal bog-plants growing with certain xerophytic types remain 
hygrophytes, ‘Plant-Geography’ [trans]. Fisher] 1903, p. 111. See also 
Clements’s ‘ Research-Methods of Ecology’ 1905, p. 126. 
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Let us, then, see what existing facts might be thought to support 
the usual idea of all the trees of the Coal-Measures growing in 
swamps. It is not toswamps of cooler latitudes, in which trees do. 
not grow, but to tropical swamp-forests that we must turn for them. 
Dr. Schimper tells us of some in which none but palms flourish. 
As palms were undoubtedly descended from aquatic ancestors, 
their return to hygrophytism does not surprise me. But, in other 
swamp-forests, as in Louisiana and Burma, the trees represent 
genera of certain families of Dicotyledons which have become 
adapted to water by developing aérenchyma in the place of cork at. 
the bases of the trunks, these having expanded into a conical form 
for the purpose.! 

Adaptations have occurred with all of our own aquatic plants, 
which consist of individual species or genera of terrestrial families, 
such as the water-crowfoot among buttereups, the water-violet 
among primroses, the beckbean among gentians, etc. Taking, 
however, the Cordaites, for example, as a group, and comparing 
them with existing Cycads or other Gymnosperms, not only are the 
latter very characteristic xerophytes, but structural affinities point 
to the former as having been xerophytes also. On the other hand, 
neither group exhibits any hygrophytic structures whatever. 


With regard to the suggestion that mangroves and plants of 


maritime saline areas might supply parallels to some coal-plants, 
it is not enough to observe that they have certain xerophytic 
characters, such as a water-storage tissue in the leaves of the former 
and succulency in the case of the latter, but that they possess far 
more characteristic hydrophytic features. It isin these features 
that we find no parallels or resemblances to them in trees of the Coal- 
Measures. For example, in the marine mangroves there is a total 
arrest of the primary axial root, so that the trunk is supported on 
‘prop-roots.’? Secondly, as aération of the roots is always difficult 
in marshes and in the mud below water, the roots and basal parts 
of the trunks are provided with pneumatophores, or else aérenchyma, 
respectively, of most marked characters; as is the case with our 
marsh-samphire (Salicornia herbacea) covering our salt-marshes. 
Nothing of the sort appears to be known in Stigmarias, for no such 
characters have been described. Moreover, areas swept by tides. 
twice a day, whether they be tidal mangrove-swamps or maritime 
salt-marshes, must be more or less incapable of accumulating much 
vegetable-matter like peat-bogs or inland forests. 

In addition, it may be observed that the presence of freshwater 
shells and terrestrial insects in the Coal-Measures does not lend 
much (if any) countenance to littoral trees forming, at least, any 
large proportion of coal, even if it were possible. Oysters cling to 
the roots, while crabs run on the mud around mangroves. 

With regard to the Ferns, they appear to have much resemblance 


1 A. F. W. Schimper, ‘ Plant-Geography’ [transl. Fisher] 1903, fig. 392, 
p. 652. See also a paper by M. C.-L. Gatin, ‘Observations sur |’Appareil 


respiratoire des Organes souterrains des Palmiers’ Revue Générale de Bota- 


nique, vol. xix (1907) p. 198. 


ee 


Vol. 63.] XEROPHYTIC CHARACTERS OF COAL-PLANTS, 285 


to certain modern types, especially the Marattiee, whether they 
were humble plants or trees; and, as existing ferns grow in 
widely-different situations, such as the purely-hygrophytic Hymeno- 
phyllum and the intensely-xerophytic Ceterach on dry walls and 
rocks, we may expect to find a considerable range in fossil forms 
as well. 

With regard to groups more or less intermediate in character, 
such as the Cycadofilices and Cordaite, they are decidedly xero- 
phytic. Similarly the Lycopodiales, like our existing representative 
Lycopodium, bear unmistakable xerophytic characters in different 
degrees; as, forexample, in the usually total absence of lacune, in 
the great development of wood and sclerenchyma, in the closely- 
imbricated and coriaceous leaves, and in the numerous layers of the 
palisade-tissue, of the latter. 

In fine, excepting the Hquisetales, the characteristic features of 
the great majority of the coal-forests appear to have been such 
as must be looked for in an upland flora, rather than in marshes. 
This is an important fact, for the geological problem is: How came 
upland forests to form coal, hundreds if not thousands of feet below 
the present surface ? 


Before replying to this question, a few illustrations will be 
desirable to show ,the differences between the hygrophytic and the 
xerophytic characters. The figures in Dr. D. H. Scott’s ‘ Studies 
in Fossil Botany’ 1900, will answer the purpose. 

Calamites and Calamodendron (figs. 4,5, 10, & 12, pp. 19, 20, 33, 
& 36) show a lysigenous lacuna at the apex of each vascular bundle 
of the stem. Fig. 6 (op. cit. p. 22) shows, by a radial section of 
the bundle, how the lacuna is formed by the disorganization of the 
spiral or scalariform vessels. This occurs in living plants. Figs. 14 
& 15 (pp. 39 & 42) exhibit large, schizogenetic, regularly-formed 
lacune in roots separated by trabecule, in the cortex. Both kinds 
of lacunae are common in all existing aquatic and semi-aquatic 
plants. On the other hand, there is a total absence of all kinds 
of sclerenchyma, so eminently characteristic of xerophytes. 

Comparing the above with the anatomy of species of living 
Equisetum, such as E, arvense and EF. maximum, the latter exhibits 
precisely the same kinds of lacune, namely, at the apex of the vascular 
bundles and in the cortex. &. arvense, on the other hand, having 
become a land-plant, has adapted itself by adding silicified fibrous 
strands on the circumference of the stem, while retaining the 
hydrophytic feature of lacune. 

It may be advisable here to add a few words on adaptations. 
A plant may have been, for many generations, either a xerophyte 
or a hygrophyte, but if its spores or seeds reach a district of an 
opposite character, they germinate and respond to its influences, 
forming adaptive features ; so that it isof common occurrence to find 
both kinds of structure in one and the same plant, as in £. arvense. 
Indeed, all terrestrial Monocotyledons—though the majority of the 
orders of this class are still aquatic—show ancestral characters 
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derived from response to the influence of water; as in the arrest of 
the primary root, disrupted vascular bundles of the stem, phyllo- 
dineous, parallel-veined leaves, etc. 

To return to the Equisetales. With regard to foliage, fig. 28 (op. 
cit. p. 65), of a ‘ branch bearing whorled leaves’ of Archwocalamites 
racwatus, is extraordinarily suggestive of existing submerged dicoty- 
ledonous leaves. It is precisely what one would expect if a leaf, for 
example, of a Sphenophyllum grew under water ; such degeneration 
is the result of response to water. Since, however, this genus is 
said to be arborescent, although to what height it grew I do not 
know, the aquatic type of dissected leaf presumably has been re- 
tained, that is, on the assumption that its ancestor was a submerged 
herb ; just as an aquatic species of Ranunculus retains the hereditary 
dissected, submerged form of leaf, whenever it grows on land and in 
air. Palm-trees have, similarly, retained features in their foliage 
characteristic of an aquatic origin. Indeed, several species of Palm, 
as stated, form tropical swamp-forests. It may be added that a 
branched midrib and veins of Sphenophyllum demand a previous 
complete leaf with the interstices filled up, because the ‘ object’ is 
to offer a broad expanse of blade to the sun; consequently there is 
no doubt of its being descended from some such leaf as that of, say, 
a Cingularia. 


With regard to the xerophytic character of the leaf-rudiments of 
Calamites and Equisetum, I would suggest the following hypothetical 
evolution :—The first stage was that of a Cingularia, or Spheno- 
phyllum, or other type of a complete blade, being a terrestrial form. 
Becoming aquatic, this was reduced to dichotomous ribs and veins 
only, as in Archwocalamites. Then, becoming exposed to very xero- 
phytic conditions, this was reduced to the petioles only, thus forming 
the ‘ points’ on the whorled sheaths. 

Modern types are seen in Casuarina, some Restiaceous plants, and 
Polygonum equisetifolium. The genera of Resteacew abound in the 
‘Flats’ near Cape Town. They occur like rushes in the swamp 
during the wet season, but are perfect xerophytes in the dry season. 
They thus illustrate Dr. Schimper’s ‘ tropophytes.’ 


Turning next to Lycopodiales, figs. 51 & 53 (op. cit. pp. 126 & 133) 
of Lepidodendron exhibit a compact xylem and cortex, without any 
lacune. Fig. 56 (p. 141) is also a radial section of compact xylem 
with no large vessels, and none are disorganized. 

A tall tree requires much rigidity in its stem, and these illus- 
trations show clearly how Lepidodendra were well qualified for 
supporting the weight of their gigantic trunks. But, when trees 
‘are hygrophytes, as species of willows and poplars, the wood is in a 
much reduced state, comparatively speaking, such trees having 
numerous large vessels scattered indiscriminately through the wood- 
fibres, these too being correspondingly enfeebled. Of course, 
nothing at all resembling poplar-wood occurs in the Carboniferous 
trees, so far as the figures in Dr. Scott’s book testify ; but one would 
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reasonably expect to find some analogous degeneration to be more 
or less apparent.’ 

Dr. Scott’s figs. 88, 86, & 112 (op. cit. pp. 222, 230, & 328) 
represent sections of the root and rootlet of Stagmaria and Lygino- 
dendron. They do not indicate any adaptations to water; but in 
the frontispiece, illustrating a restored tree of the latter, there are 
adventitious roots. The conclusion therefore is, from Dr. Scott’s 
illustrations, that the latter genus grew both on dry ground and in 
marsh or water; or else was originally a hygrophyte, but retained 
the adventitious roots on land, just as Pandanus, all palms, and 
other Monocotyledons have done.” | 

In Dr. Scott’s figure of the root of Stigmaria ficoides, there is an 
outer and inner cortical layer, and a third zone of thin-walled tissue 
surrounding the stele. JI would suggest that this thin-walled 
cylinder, with the innermost sheath to the xylem, was water - 
storing cellular tissue, protected externally by the inner, cortical, 
and thick-walled zone. 

In laying stress on the absence of an axial root, as being charac- 
teristic of aquatic plants, it must be borne in mind that the cause 
is quite different from that of the absence of an axial root in existing 
dicotyledonous timber-trees, and presumably in Stigmarias. 

When a dicotyledonous seed germinates in the mud at the 
bottom of water, the radicle is arrested, in consequence, as sug- 
gested, of insufficient aération. Adventitious roots then arise from 
the nodes in ascending order, the stem assuming the form of an 
inverted cone. 

In terrestrial dicotyledonous and gymnospermous trees, the secon- 
dary roots arise from the primary or axial root in descending 
order, the trunk being broadest at the base, whence the first- 
formed and largest lateral roots arise. They grow large, at the 
expense of the primary root, in order to spread out more or less 
horizontally for superficial moisture and so support the tree. Had 
the central vertical root kept pace with the trunk of the tree, 
it would have equalled it in size belowground. This is never the 
case, and therefore the whole of the morphology is exactly the 
reverse of that which characterizes an aquatic plant. The root of 
Stigmaria agrees thus in every respect with the roots of an ordinary 
timber-tree growing on dry ground; while the anatomical features 
are entirely devoid of all aquatic adaptations such as aérenchyma or 
pneumatophores, as will now be pointed out. 

My attention has been called to a paper by Dr. F. E. Weiss on 
‘The Vascular Branches of Stigmarian Rootlets’? as apparently 


1 In a paper entitled ‘ Influence de l’Air sec & de 1 Air humide sur la Forme 
& sur la Structure des Végétaux’ by Ph. Eberhardt, Ann. des Sci. Nat. ser. 8, 
vol. xviii (1903) p. 61, the author shows how, in every case, the wood and 
sclerenchyma are greatly arrested under the influence of humid air, and, on the 
other hand, intensified in very dry air, as compared with the results of growing 
normally. 

2 I would refer the reader to my paper on ‘ A Theoretical Origin of Endogens 
from Exogens, through Self-Adaptation to an Aquatic Habit’ Journ. Linn. Soc., 
Bot. vol. xxix (1891-93) p. 485. 

3 * Annals of Botany’ vol. xvi (1902) p. 559. 
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indicating a watery environment; but a study of his photographic 
illustrations really indicates the opposite conditions. The purport 
of the paper is to describe and figure a vascular connexion between 
the protoxylem ,and the outer cortex. A sort of cellular ‘arm’ 
containing tracheids extends from the stele to the outer cortex, to 
allow of water being absorbed at one place on the circumference and 
conveyed to the central vascular bundle ; the rest of the inner cortex 
is composed of compact, very delicate cellular tissue, the cells of the 
‘arm’ having seemingly rather thicker walls. In referring to his 
figs. 1 & 2, pl. xxvi, the author observes that 

‘the middle cortex appears in these to be entirely absent, as is the case, indeed, 
in the majority of Stigmarian rootlets. .... A small process (/) passing off from 
the parenchymatous sheath [of the stele] would seem to have connected it with 
other parenchymatous cells of a delicate character, forming lacunar [?] or 
trabecular [?] tissue, remnants of which can be seen near the upper end of this 
strand, as also in Renault’s figure,’ (Op. cit. pp. 560, 561.) 

A very careful and searching examination of these figures with a 
lens reveals nothing like ordinary trabecule, as the reader will see 
by comparing Dr. Weiss’s figures with one given by Dr. Scott of a 
root of Calamites (‘Studies in Fossil Botany’ 1900, fig. 14, p. 39), 
Something more definite of this nature would undoubtedly have 
been seen in some of the sections of Stigmarian rootlets. 

Examining Dr. Weiss’s fig. 3, a delicate cellular tissue seems 
pretty clear. Numerous more or less hexagonal spaces are marked 
out ; and thus what Dr. Weiss would call lacune, I would suggest to 
have been delicate water-storage tissue, which has almost 
completely disappeared from fig. 3, and in many cases has gone alto- 
gether. Fig. 4 might give a false impression of a single trabecula 
connecting the cellular sheath of the stele with the outer cortex ; 
but this would be contrary to all experience with aquatic roots and 
stems. A reference to fig. 3 shows that the surrounding, inner 
cortex was present. Figs. 4 & 5 show a zone of thick-walled cells, 
only ‘broken’ where the stelar arm runs into the outer cortex. This 
carries the tracheids to it on the inside, as in fig. 5, or through it, 
as in fig. 4. Larger thin-walled hypodermic cells on the outside 
show where water is absorbed, while the trachez convey it to the 
interior. Had these rootlets been in a saturated medium, there 
would have been no necessity for these cellular processes at all, 
This method is well known in certain xerophytes, in their leaves. 
Thus Reawmuria and its ally Tamarix secrete salts during the 
period of root-absorption. But, in the hot season, they absorb dew, 
and convey it internally by means of large distorted tracheids. 

It may be added here that Dr. Weiss’s figures show no lacunee of 
the ordinary type seen in aquatic plants, nor aérenchyma of swamp- 
trees of the tropics, nor pneumatophores of marine mangroves, nor 
anything like those of the swamp-cypress of Florida. 

Fig. 5 has what Dr. Weiss calls ‘ trabecule’, consisting of one or 
two very minute cells, which appear to separate larger, thick-walled 
spaces of the same size as the single cells of the inner cortex; but 
whether they were air-chambers or not is scarcely apparent. At all 
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events, they would be practically useless to aérate trees 60 to 70 or 
more feet in height. In certain mangroves the hollow pneumato- 
phores are as large as, and actually used for, beehives. 

Moreover, the presence of a three to four-celled zone of very thick- 
walled cells is not characteristic of the roots of water-plants. If, for 
example, the root of the common flag (Irs Pseud-acorus), growing in 
water, be compared with one of the same plant growing in a garden, 
the latter has the cells of the endoderm consisting of enormously- 
thickened walls, whereas in the former they are all very thin- 
walled indeed. Had the Stigmarian rootlet been growing in water, 
the above-mentioned zone would have decreased or disappeared. 
The very presence of the lateral tracheids is a proof of the difficulty 
of securing water. 

Dr. Weiss concludes his paper thus :— 

‘The existing type of aquatic plant with a monarch root, Jsoétes, has, as a 
submerged plant, a much smaller requirement for root-absorption, and is 


apparently able to dispense with this additional method of conduction shown 
to be characteristic of the various types of Stigmarian rootlets.’ 


The reference seems obvious, that the latter require it because 
they were not aquatic, but xerophytes. 


Dr. Scott gives a figure, 123 (op. cit. p. 367), of Ptychoxylon 
(Cycadoxylec), as well as one of Lyginodendron, 122 (p. 363), show- 
ing very anomalous characters in the wood. In the former stem 
the leaf-gaps fail to be filled up by the closing-in of the xylem 
cylinder-bundles, while these have inverted additional strands. It 
is a common feature of shrubby desert-plants to have various kinds 
of anomalies in their stems. It appears to be in part due to the 
feebleness of the development of foliage, as seen in their reduced 
size (partly compensated for by the increase in palisade-tissue), so 
that the stem is unable to make the normal amount of wood and 
proper arrangement of bundles, occurring in stems of mesophytic 
trees. I have described some such anomalies elsewhere.’ 

With regard to the anatomical structure of the leaves, transverse 
sections (in Dr. Scott’s fig. 139, op. cit. p. 423) exhibit strong 
xerophytic characters, such as a thick cuticle, a triple series of 
palisade-cells below the upper epidermis, and two beneath the 
lower one. There is also much sclerotic tissue, with a total absence 
of lacune, except such as is normally present in the lax mesophyll- 
tissue. 


The foregoing references are quite sufficient to show that, while 
the Equisetales were decidedly hygrophytic, most of the rest of the 
Paleozoic plants—like their modern representatives in Lycopodium 
and all Gymnosperms—were markedly xerophytic. This implies 
that the majority of the coal-plants did not grow in swamps. 

Perhaps the nearest approach to the true conditions may be seen 


1 «The Origin of Plant-Structures by Self-Adaptation to Environment’ 1895, 
p. 73. 
OF JGus, NowZaile x 
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in the Pacific-Coast forest between latitudes 60° and 48° §S., but 
especially south of 51°, as described by Dr, A. F. W. Schimper :-— 


‘{It is] the most luxuriant, if not also the most diversified on the continent. . .. 
Trees up to 90 metres [262 feet] in height grow within a few feet of one another. 
The ground is covered by a dense soft carpet of mosses and ferns, frequently of 
extraordinary size. Well]-lighted spaces are filled with impenetrable thickets 
of various shrubs, in which almost tree-forms of Vaccinium, species of Corylus, 
and Acer circinatum play the chief part. The forest owes its extraordinary 
luxuriance to the very abundant atmospheric precipitations which fall, parti- 
cularly in winter, and the amount of which (200 cm. and more [ =80 inches]) 
is attained at only a few other places in the temperate zones. The vegetative 
season is cool, but of relatively long duration. The soil isa porous gravel, 
only a few inches deep, and of glacial origin.’ ? 


With regard to the origin of the deep-seated existing coal-fields, 
I would suggest the following interpretation. 

It is acknowledged that the Carboniferous Period was, on the 
whole, a quiescent one, so that plants grew undisturbed for un- 
known ages and formed dense forests on the higher land, while 
Equisetales especially flourished in the marshes. | 

At the close of Palaeozoic times, it is recognized that an epoch of 
great telluric disturbance supervened, involving contractions with 
the usual crumpling and faulting. We are quite justified in be- 
levying that the Earth’s crust began slowly to contract during 
the epoch of the Coal-Measures. The commencement of shallow 
grooves would mark the lines of depression, in which those portions 
of forests (whether upland or lowland) would sink. Water finding 
its way into the grooves with sand, more or less filled them up, form- 
ing a new surface for a second forest to grow upon. The spores and 
seeds for this would be supplied by the persistent upland forests, 
which continued to grow on either side of the grooves, now left as 
anticlinal ridges. 

This idea of the sea bringing in the materials for covering the 
forest seems borne out by Mr. James Lomax’s observations on ‘ The 
Occurrence of the Nodular Concretions (Coal-Balls) in the Lower 
Coal-Measures.’* He says:— 


‘As we all know, there is only one seam of coal in which we find these 
nodular concretions.... Where it is found, in nearly all cases the roof con- 
tains similar concretions, with this exception—that the fossil remains contained 
therein are of marine origin, while those found in the coal underneath are 
always of vegetable origin.’ 7 


This seems to show that the calcium-carbonate, silica, and perhaps 
iron-pyrites, were derived from sea-water, and that the concretions 
were formed around fragments of vegetation in the coal below, 
the superficial layer only containing marine organisms. 


1 «Plant-Geography’ [transl. Fisher] 1903, pp. 566-68. 
2 ‘Annals of Botany’ vol. xvi (1902) p. 603. 
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Discussion. 


The PresipEnt referred to the long-standing controversy as to 
whether coal-seams were formed of plants which grew on the spot 
among swamps, or of vegetation that had been washed away from 
drier ground. As in most scientific disputes, there was truth on 
both sides. He thought that there could be no doubt that in a 
large number, perhaps the majority, of cases the coal-seams repre- 
sent a flora that grew on the spot where its remains are now pre- 
served, and that the areas of growth were shallow lagoons or 
swamps to which the sea had access. The evidence of the remains 
of fishes and marine shells regularly intercalated and perfectly pre- 
‘served among the shales and coal-seams, showed that the swamps 
were connected with the sea, and the proofs of quiet and regular 
sedimentation gave no countenance to the idea of violent inundations 
of the sea upon a terrestrial surface. It was satisfactory to know, 
from the testimony of paleobotanists, that there was nothing in the 
internal structure of the coal-plants contradictory of the belief that 
these plants had their roots submerged under salt water. On the 
ether hand, it had long been recognized that the Carboniferous 
strata contain abundant remains of drifted vegetation, some of 
which may have grown on dry land. How far it might be possible 
to discriminate between the lagoon-plants and those which flourished 
inland remained to be determined. 

Prof. Sewarp referred to the different opinions expressed as to 
the conditions under which the plants of the Coal-Period grew, more 
particularly to the suggestion of the late Mr. Binney, favourably 
received by Charles Darwin, that some at least of the plants grew 
‘in salt-marshes. The speaker considered that the evidence of 
anatomy seemed to lend support to the salt-marsh hypothesis. He 
did not agree with the Author’s conclusions; and, while welcoming 
‘discussion on the subject, he believed that it was somewhat pre- 
mature to attempt to make definite statements as to the habitats 
of the plants of the Carboniferous flora. Paleeobotanists had con- 
stantly before them the bearing of anatomical evidence on the 
‘question of habitat; and he expressed the opinion that further 
research into the anatomy of Paleozoic plants would go far towards 
supplying an answer to the questions dealt with by the Author. 

Prof. F. W. Oxtver said that it was probably premature to 
-dogmatize as to the conditions under which any plant had grown, 
from a consideration of its anatomical features alone; and this 
applied with especial force when different sorts of xerophytism 
were considered. Investigations into tissue-function and plant- 
-ecology generally had as yet been carried out so locally and on so 
restricted a scale, that he could only describe this branch of study 
-as being still in its infancy. A recent discussion upon the water- 
requirements of the trees of temperate and tropical countries, 
respectively, had served to emphasize this point. 

Before it was possible to generalize about the Coal-Measure 

plants, it would be necessary to reconstruct the flora of those times. 
x2 
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Attention had recently been directed to the different modes of — 
occurrence of the Coal-Measure petrifactions, that was, in ‘seam ’- 
and in ‘roof’-nodules, and the view had been expressed (and 
appeared to be well founded) that, while the former consisted of 
plant-remains fossilized where they fell, the latter might well have 
belonged to an inland flora that had drifted down the rivers. This 
was a warning that, in the Coal-Measures, the plants of more than 
one habitat might have to be considered. 

At the present day new discoveries in paleobotany followed one 
another so rapidly, and had so important a bearing upon the history 
of the evolution of the vegetable kingdom, that the ecological aspects 
of these vegetations had for the moment been relegated to a 
secondary place. The Author had done good service in raising the 
question, and it was much to be hoped that competent ecologists © 
would direct their attention to these matters. 

Prof. J. B. Harrison drew the attention of the Fellows to the 
extensive tracts of tropical peat, known locally as ‘ pegass,’ which 
were situated behind the fringes of courida and mangrove-swamps 
in many parts of the low-lying coast-lands of British Guiana. The 
pegass varied in depth from 1 to about 8 or 10 feet, but was 
usually not more than from 2 to 4 feet deep. It largely consisted 
of the more or less altered remains of ferns, sedges, and other 
marsh-loving plants. He pointed out that on the pegass-land the 
alternation of the wet and dry seasons allowed both marsh and 
ordinary plants to grow upon it, that in places considerable areas. 
were covered with Aeta palm-forest, and that a critical study of 
its modes of occurrence and of formation would, in his opinion,. 
throw light upon some of the problems relating to the formation 
of the Coal-Measures. 

The Rey. EK. C. Spicer drew the Author’s attention to an 
interesting paper bearing on his xerophytic theory, published by 
the late Mr. C. L. Herrick in Journ. Geol. Chicago, vol. xii (1904). 
pp. 237-51, on the Sandia-Beds of Socorro (New Mexico). Shales, 
underlain by a ferruginous conglomerate that rested directly upon 
the granite, contained plant-beds with five species of Lepidodendron. 
These had, however, transpiring vents well marked on either side of 
the cicatrix with which they were connected. | 

Mr. G. Exmstry Coxz, speaking, not as a botanist, but as a 
practical coal-miner, agreed with the Author’s conclusion that 
undulations in the Coal-Measures had some connexion with the 
formation of the coal-seams, but he differed from the suggestion 
that an under-clay was always present. In South Africa, and even 
in this country, he had found seams overlying hard sandstones or 
even conglomerates. Considering that the Coal-Measures were more 
accessible for observation than any other formation, he thought. 
that it was to be regretted that geologists did not avail themselves 
more frequently of the opportunities of studying the conditions 
im situ. 

The AvrHor observed, in reply, that none of the speakers had 
_ given any examples of fossil plants indicative of the present flora. 
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of saline swamps, for which he had asked. Provided such could 
accumulate, coal might be made of them: but as yet no proofs 
appeared to be forthcoming. In regard to the President’s remark 
that marine organisms sometimes were found associated with coal, 
he suggested that they might have been swept in with the sand 
when the forest subsided. In reply to Prof. Oliver’s observation 
that coal-plants sometimes indicated both hygrophytic and xero- 
phytic characters, he observed that this tropophytism (as 
Dr. Schimper called it) was particularly characteristic of the 
ftestacee and other swamp-plants in the Cape Flats below the 
Table-Mountain Range. With regard to Stigmaria being a swamp- 
tree, he observed that not only was it totally devoid of every one of 
the characters of existing trees that grow in water, but possessed 
all the features of a tree growing in ordinary soil without water. 
Moreover, Stigmarian roots had been found growing below a bed 
made of the leaves of Cordaites, a plant which, like all the recent 
Gymnosperms, was undoubtedly xerophytic. 
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16. On the SourHERN ORIGIN ATTRIBUTED to the NorTHERN ZONE in 
the Savoy and Swiss Atrs. By Prof. T. G. Bonney, Sc.D., 
LL.D., F.R.S., F.G.S. (Read March 27th, 1907.) 


In two most valuable and interesting papers contributed to our 
Journal,’ Prof. Sollas has described the results of experiments made 
with cobbler’s wax, and designed to illustrate the internal movement 
of a viscous fluid or very plastic solid under the action of gravitation, 
which was set up originally by the wedge-like form of the mass and 
continued by adding new layers, more or less similarly shaped, of 
the same material. Complications were introduced, as described in 
the second paper, by attaching to the floor of the trough used for 
the experiment, first one, then two, mound-like obstacles over which 
material, once near its head, was forced by the pressure of that sub- 
sequently added: the result being the formation in the older layers 
of some remarkable folds, and even dislocations, especially in front 
of the second obstacie. 

These experiments, as Prof. Sollas pointed out in his first paper, 
throw much light on the movements of glaciers*; but whether 
they give any real support, as is suggested in the second paper, to 
Prof. Lugeon’s explanation* of the flexures in the Chablais district 
and its continuation across the Rhone, is, in my opinion, very 
doubtful. This hypothesis may be briefly stated in the following 
terms :—On the northern side of the great crystalline massif, 
the crest of which forms the watershed of the Pennine-Lepontine 
Alps, is a second one—that of the Bernese Oberland. Its eastern 
end, before reaching the Rhine, disappears beneath a thick covering 
of Secondary and early Tertiary rocks. Its western end also sinks 
down, but to a less extent, and, after being crossed by the Rhone, 
presently becomes exceptionally prominent in the parallel folds of 
the Bréven and Mont Blanc, from which it may be traced southward 
into Dauphiné, In front of this northern range of crystalline rocks 
is a broad belt of sedimentaries—calcareous and argillaceous—which, 
like those already mentioned, begins generally with the Trias (though 
this is sometimes wanting) and continues to the end of the Eocene, 
or even into the Oligocene. Yet farther north are the foothills, 
formed of Miocene conglomerates and sandstones—the former of 
which rise in the Rigi to about 5900 feet, and in the Speer to about. 
500 feet higher. 


1 Vol. li (1895) p. 361, & vol. Ixii (1906) p. 716. 

2 Incidentally, also, they indicate that Principal Forbes was more nearly 
right in comparing glacier-ice to a viscous fluid than Prof. T'yndall, with his 
hypothesis of fracture and regelation in a rather brittle solid. I think it very 
probable also (but have not yet had time to work out my general idea in any 
detail) that these experiments will throw much light on the subterranean 
movements of molten rock, especially when not very liquid, on certain in- 
clusions of one kind of such rock in another, and on some difficulties in 
regard to the distribution of volcanoes. 

3 Bull. Soc. géol. France, ser. 4, vol. i (1901) p. 728. 
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The strata in the above-named belt exhibit, as is well known, very 
remarkable contortions, which have been carefully studied during 
the last few years by Profs. Bertrand, Termier, Haug, and Lugeon 
(not to mention others), who, while differing on certain points, are 
in general agreement with the views expressed by the last-named 
to the Geological Society of France.’ He states that the outermost 
zone of this belt—the Préalpes extérieures, often actually over- 
lies the Miocene conglomerate and sandstone, and frequently exhibits 
peculiar flat folds (plis couchés), which may be compared to a 
doubled-up duvet, perhaps together with the counterpane. The 
strata forming these recumbent folds apparently have no under- 
ground continuations, and the higher loops commonly extend farther 
north than the lower. The innermost zone—the Hautes Alpes— 
consists of generally similar rocks; but here the contortions are of 
a more ordinary character, and the beds involved are seen to rise 
above the surface in the usual manner. Between these two zones 
is one (Préalpes médianes) with intermediate characters. This 
unusual folding —these extensive, almost flat layers (nappes) 
simulating horizontal stratification—Prof. Lugeon explains by sup- 
posing that the strata thus affected were deposited far away to the 
south-east ; for instance, in the case of the Chablais district, to the 
south of the present Pennines, perhaps not far from the region now 
indicated by a broad belt of greenstone, extending from Locarno to 
Ivrea.*? The thrust which drove these sedimentary deposits north- 
ward was powerful enough to produce overfolding in that direction ; 
and as it continued the great loops were flattened out, and gradually 
forced over and beyond the crystalline masses (which were also 
rising). Thus, after crossing the line of the present Rhone Valley and 
the crystalline axis which now culminates in the Finsteraarhorn 
group, they overrode and, to some extent, became implicated with 
the contemporaneous strata which still form the lower part of the 

~Chablais Alps, with their Swiss extensions. 

By movements of this kind Prof. Lugeon explains the remarkable 
contortions and complexities of the zone near the northern margin 
of the Alps between the courses of the Arve and the Aare, supporting 
his view by many detailed descriptions and illustrative sections. 
Convincing as the latter may appear on paper, we must not forget 
that representations of a highly-disturbed district like the Alps in 
and to the north-east of the Chablais district must be to some 
extent hypothetical, because so much rock is either inaccessible or 
concealed, and that the sections may permit more than one ex- 
planation. In fact, as Prof. Lugeon frankly admits, they have 
been differently interpreted by other Swiss geologists. 

It may seem presumptuous for one, whose knowledge of the dis- 
trict on which Prof. Lugeon chiefly relies is neither minute nor 
recent, to differ from his conclusions; but my unbelief relates to 


1 See especially Bull. Soc. géol. France, ser. 3, vol. xxiii (1895) p. 572, & 
vol. xxiv (1896) p. 535 ; ser. 4, vol, ii (1902) p. 411, & vol. iii (1903) p. 711. 
2 Bull. Soc. géol. France, ser. 4, vol. i (1901) p. 810. 


\ 


. L4, p. 815, of Prof. Lugeon’s paper). 


Fig. 1.—Section across the Lepontine Alps (=fig 
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principles rather than details, for 
I doubt whether, under any con- 
ditions which have existed in 
post-Archzean times, large masses 


2 24 of rock could be compelled to 
= 4%5< adopt the behaviour which his 
iS 5 =.= hypothesis demands. Thus I 
Sof shall not attempt to discuss his 
~5-3'y paper in detail (which, even if I 
“I1H2= possessed the requisite local know- 
alld ledge, would be a very lengthy 


task), but shall deal with its 
general and axiomatic principles. 
I must, however, demur to the 
interpretation of two sections, 
among those cited in support of 


Ts cons 


The thick black line = Marble (so-called ‘ Trias’). 


I ae his hypothesis, which are taken 
: & &%'s from a region more familiar to 
i <8 me than the Chablais Alps. The 
\ = 3 one, starting north of the Ofen- 
1 SHS h . 
; SoS orn, runs through it across the 
\ Ox = Lepontine Alps to the Val d’ Anti- 
t 2a gorio (fig. 1); the other—gene- 
\  U ll yally similar to it—practically 
mors follows the line of the Simplon 
Tunnel. Both exhibit a series of 
rocks, strongly and progressively 
overfolded towards the north, 
S  . which consists of at least two 
Sd eB varieties of gneiss, of a mass of 
288 ‘schiste, and a limestone, stated 
ss 5. to be Trias. The last-named de- 
~ i posit is a thoroughly erystalline 
ane limestone, often dolomitic, and 
ll ll usually associated with dark 
HO schists! in which it is generally 
either low down or at the base, 
as represented by Prof. Lugeon.* 
Its resemblance to any Alpine 
.g limestone, certainly of Triassic 
: E E 4 88% is only chemical. Though 
3s $226  }! Ihave always followed J. B. Jukes 
4 o 2-3 in restricting this term to foliated 
S255 rocks. 
AMMO “2 T follow him in referring the 
ll ll ll WU jnarbles north and south of the water- 
AOR 


* shed to the same group, though sus- 
pecting that, in the neighbourhood of 
the Rhone, he has included (wrongly) 
in. the Simplon section one or two 
isolated patches of rauchwacké, 
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it sometimes becomes friable under severe pressure, it is very dif- 
ferent from the ‘ powdery’ rauchwacké which is occasionally found, 
either alone or underlying dark schistose Jurassic rock, in this 
region of the Alps, and can be readily distinguished from the pale, 
buff-coloured, compact subcrystalline Triassic dolomites, so familiar 
to travellers in the Southern Tyrol. It is, in short, the type of 
rock which, whenever its stratigraphical relations are carefully 
studied, is always found to be associated with true crystalline schists 
of much greater antiquity than the Secondary Era.* The ‘ schistes’ 
also in the same sections (with the possible exception of a small 
portion on the northern flank of the Simplon section, which may 
belong to a belt of schistose slate well known to me from outcrops 
near the Pont Napoléon above Brieg and in one or two other places) 
are members of a well-marked and readily-recognizable group 
which can be traced along the Alpine chain (to speak only of what 
I have myself seen) from Monte Viso to the Gross Glockner. It is 
generally more or less calcareous, passing often rather rapidly into 
the above-named marbles, and sometimes (I think usually at its 
base) into a quartz-schist. One or two bands rich in staurolites 
oceur, and the darker beds locally contain numerous black garnets ; 
in short, this great ‘ cale-mica-schist’ group is, as | have elsewhere 
pointed out,” later in age than the ordinary gneisses of the Alpine 
region, but earlier than anything that can be dated. One by one, 
the reference of these crystalline schists and limestones to Mesozoic 
or later Paleozoic ages has been shown on closer study to be 
erroneous: The constituents of these crystalline rocks in the 
Simplon-Ofenhorn district, though sometimes crushed by subsequent 
pressure, are all authigenous, not less so than in a marble or a 
schist which has been locally produced by contact-action from 
sedimentaries of known geological age. That is to say, even 
granting these two sections to be accurately represented so far as 
the outcrops are concerned, the progressive overfolds exhibited by 
them are only hypothetical, for they depend on an erroneous 
. identification of an important member.* 

A third section may be briefly noticed, since it affords a typical 


‘ . 1 See especially this Journal, vol. xlv ve) p- 67, & vol. xlvi (1890) p. 187; 

also Proc. Geol. Assoc. vol. xv (1897) p 

? Quart. Journ. Geol. Soc. vol. 1 d94) pp. 297-301 & the papers just cited. 

* The Swiss geological maps still permit an ‘alternative’ existence to one 
group in the neighbourhood of Zermatt. Knowing its members well, I can 
only wonder on what grounds their Mesozoic age was asserted. Its advocates 
will perhaps call upon the Carrara marbles for ‘support. Of these also I have 
some personal knowledge, and venture to say that when this region is studied 
by a petrologist accustomed to work in the field, we shall hear little more of 
identification with deposits of either Triassic or Carboniferous age. 

4 More than one of the authors whom I have named above, as petierslly 
supporting Prof. Lugeon’s views, assume the crystalline limestones to be Triassic, 
and confuse under the one name—schistes lustrés—the two types of rocks 
which I maintain to be distinct in character and widely different in age. As 
their sections and interpretations depend on these fundamental errors (as I 
deem them), I think it needless to say more than that I have not overlooked 
their contributions to the literature of the subject. 
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illustration of how readily, if Prof. Lugeon’s interpretation be 
correct, rock-masses can adapt themselves to their environment. 
It is a portion of a long section through the Préalpes médianes 
on the right bank of the valley of the Drance du Biot. Here, on 
the north-west side of the Col de Brion, we find that an advancing 
nappe, consisting of a bed of Trias overlain by two breccias 
(parted by a ‘schiste ardoisier’),' has slid over Upper Cretaceous 
strata, and has thrust itself, together with a captive piece of 
quartzite and of Permian, like the end of a bent finger into a mass 
of Flysch (fig. 2), which, to allow of such an intrusion, must have 
been as plastic as putty. I shall no doubt be told that masses of 
rock may ‘flow’ when subjected to great pressure. Perhaps they 
may, but it must be shown that this general statement is appli- 
cable here, and we must be careful not to let a phrase beguile us. 


Fig. 2.—Seetion in the Chablais Alps (part of a long section, 
Jig. 2, pl. xiv, of Prof. Lugeon’s paper). 


A = Col de Brion. 1 = Malm. 5 = Quartzite (Trias). 

B = Tavaneuse. 2 = Cretaceous. 6 = Permian. 

C = Pointe de Nantaux. 2a = Upper Cretaceous. 7 = Bréche inférieure. 
3 = Flysch. = Schistes ardoisiers. 
4 = Tas: 9 = Bréche supérieure. 


In lead, under ordinary pressures; in iron, under exceptional, as 
Tresca has shown,” deformation may be produced without rupture 
of continuity, to which the term ‘flow’ may be applied. Under 
the latter conditions, as Prof. F. D. Adams * and others have shown, 
similar deformation can be produced in marble, but here the move- 
ment is mainly the result of a kind of fracture and regelation, to 


1 This triplet apparently represents the upper part of the Trias, with 
perhaps the lowest part of the Jurassic. 

? Comptes-rendus Acad. Sci. Paris, vol. lix (1864) p. 754, & vol. Ixiv (1867) 
p. 809. 

3 Geol. Mag. 1897, p. 513, & Phil. Trans. Roy. Soc. ser. A, vol. cxev (1901) 
pp. 363-401. 
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which the term ‘flow’ is less applicable. In the case from the 
Col de Brion, would the superincumbent weight be sufficient ? 
We may ask the same question in several other instances, which 
also demand no small plasticity in the rocks represented. What- 
ever allowance we may make for subsequent denudation, the 
thickness of the sedimentary deposits, in the part of the Alps of 
which Prof. Lugeon treats, can never have been very great. The 
Trias between the Rhone and the Reuss is generally thin, and 
sometimes absent; the remainder of the Secondaries are fairly 
represented, but the whole, so far as I can ascertain, probably does 
not exceed 8000 feet. Even if we add part of the Flysch! with 
the rest cf the Eocene, 12,000 feet of rock would be the maximum 
available for putting pressure on the rocks below.” In our own 
country, not to speak of others, rocks can be examined which have 
undergone quite as severe a pressure, and yet have remained 
unaffected. There are flexures, with thrust-faults, in the Northern 
Highlands; foldings enough in the Southern Uplands ; beds that have 
been heavily loaded in the English Pennines, but no migrations of 
masses such as are claimed for this Alpine region, so that here we 
must suppose the poet’s words to have come true: 


‘The hills are shadows, and they flow 
From form to form, and nothing stands.’ 


To return, however, to the experiments with cobbler’s wax. In 
those recently described, layers, representing, let us say, the Jurassic 
and the Cretaceous formations, were bent, when forced over a single 
obstacle, into more or less horizontal lobate folds ; then, after passing 
a second one, both obstacles being of considerable magnitude, were 
either doubled into flat folds or torn asunder into isolated bandlets, 
which might be compared with ‘klippen.’ But did these experi- 
ments bear much real resemblance to the processes at work in the 
making of the Alps? The layers of cobbler’s wax were originally 
wedge-shaped, and the uppermost (aa’), in the second experiment, 
only just overtopped the higher obstacle and was overtopped by the 
more distant though lower one. As its outer surface gradually sank, 
other layers of the material were added, the total thickness of these 
apparently being about equal to the maximum in the original 
wedge. Movement was the result of gravitation, which, under 
simpler conditions, would have changed the wedge into an oblong; 
as things were, it squeezed outwards and forced over the obstacles 
some of the original and of the added material. The cobbler’s 
wax, in short, as was to be expected, behaved as a viscous fluid ; 


1 Very commonly a portion only of the Flysch is included in this travelling 
mass. 

2 It is true that the Flysch is said to be more than 2000 metres thick in 
Dauphiné (A. de Lapparent, ‘ Traité de Géologie’ 1883, p. 1012), but as the whole 
of it could not at once set the underlying beds in motion and make so long a 
journey to the north, the amount allowed is probably not an underestimate. In 
regard to the Flysch, I may say (although the matter is too long for discussion) 
that I find it difficult to accept some of Prof. Lugeon’s views concerning the 
origin of the breccias containing ‘ exotic’ rocks. 
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but are we justified in assuming that a wedge of ordinary rock 
would have done the same? Wet clay, in descending, often 
makes, as we know, an excellent model of a glacier; yet the same, 
when dry, is obdurate to the appeal of gravity. That rocks can be 
bent, that they become, to a small amount, extensible under very 
great pressures, is certain; but the fact that even then rupture is 
frequent, as thrust-faults bear witness, shows that between a 
viscous fluid, like cobbler’s wax, and a very slightly plastic solid 
like ordinary rock,! there is an interval so wide that if imagination 
attempts the leap, the rider is in danger of becoming a scientific 
Curtius. 

A small diagram may help us in forming a clearer picture of the 
conditions prior to the rise of the present Alps. Let AB represent 
an arc of the earth’s crust (for simplicity supposed smooth) 75 miles 
in length (fig. 3, p. 300). Taking the radius as 4000 miles, the angle 
subtended at the centre will be just over a degree; hence the 
curvature of AB is so slight, that in a small-scale diagram it 
may be represented by a straight line. Taking 13,000 feet (say 
24 miles) to represent the total thickness of the strata from the 
Trias to the Flysch (inclusive) in this part of the Alps, then the 
oblong ABCD (drawn to scale) represents a section of the rock-mass 
which is to be the scene of the flatfolding and overleaping, of which 
the ultimate result will be to bring points (#) from the neighbour- 
hood of BC into that (y) of AD. It may, however, be said that the 
former line was longer than the latter; it may have been, but I 
am not aware that any evidence exists to show that the difference 
was appreciable at the end of the Flysch epoch—or, in other words, 
that motion began until weights were placed near the end BC. 
Let us suppose this to have been done, or at any rate to have 
become important, in Oligocene and Miocene times. During these 
deposition undoubtedly occurred, but on both sides of the Alps ; and, 
in order to find an area on the southern one where the deposits 
were exceptionally thick, we must cross the Po, or in other words 
at least double the length of our oblong. Yet even then we are 
precluded from making full use of the exceptional thickness of 
the Ligurian Oligocene (nearly 12,000 feet)* because, unless the 
viscosity of the rocks approached rather closely to that of cobbler’s 
wax, the rising Apennines would soon begin to interfere with the 
transmission of the thrust. The pressure, I submit, would not nearly 
suffice to set almost the whole mass in motion, as is represented in 
Prof, Sollas’s diagrams. In an ordinary valley, which cuts deep. 
into a plateau formed of horizontal strata, the weight of at least 
500 feet of rock produces no conspicuous squeezing-out on an under- 
lying argillaceous bed; and, when the adit of a coal-mine severs 


1 Suppose that two balls, 3 inches in diameter, one of which is moulded 
from cobbler’s wax, the other chiselled from limestone, be put upon a shelf. 
The former, in a few hours, will have ‘sat down’ into the shape of a bun: the 
latter will not alter its shape appreciably in three score years. 

? Sir Archibald Geikie, ‘ Textbook of Geology’ 4th ed. vol. ii (1908) p. 1259. 
This would double the line AB. 
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strata in a similar position, the floor bulges up, the roof sags down, 
but the walls only exfoliate to a slight extent. 

Thus we find no evidence to show that the conditions of the 
experiment were ever anticipated in this part of Europe, and must 
fall back on lateral compression to explain the folding of the Alpine 
chain. Experiments have already been undertaken to illustrate 
this, among others by Favre, Cadell, and Bailey Willis. It will 
suffice to refer to the elaborate series described by the last-named.’ 
The materials forming the successive layers were not alike in 
hardness and thickness, so that the resisting power of the composite 
slab (sometimes about twelve times as long as thick) varied in 
different parts, and thus more nearly reproduced the conditions of 
Nature. A lateral thrust acting on one end of the slab reduced 
the distance from the other, in some cases to about a half. Those 
original inequalities influenced the yielding, so the results exhibited 
considerable variation ; the usual one, however, was a succession 
of wave-like folds, the first in order being generally rather near the 
end at which the thrust was applied. This one, as the process was 
continued, maintained its predominance ; sometimes forming a 
comparatively sharp and lofty fold, into which part of the bottom 
layer (commonly thick and comparatively soft) was squeezed. 
Sometimes a rather important second fold was produced slightly 
beyond the first one, and the two, as the thrust continued, became 
combined into one of a complicated character. Overfolding, as 
might be expected, did not occur until the slab had been con- 
siderably shortened, and then the axis of the loop generally inclined 
towards, not away from, the end where the thrust was applied. 
Overfolding led to thrust-faulting, but in the not very common cases 
where this occurred, the planes of fracture followed the same rule ; 
and in no case did these models exhibit any close resemblance to 
those made with cobbler’s wax. 

Prof. Lugeon admits that lateral pressure * took some part in the 
work of mountain-building ; for, had it not so done, the crystalline 
floor, now crumpled up in the crests of the Pennine and Oberland 
ranges, must also have joined in the flow, and thus could hardly 
have attained to its present elevation. Presumably the two 
pressures, from gravitation and from contraction, acted almost 
simultaneously ; for, prior to Oligocene times, the deposition of 
Secondary and early Tertiary strata must have been fairly con- 
tinuous. The sea, indeed, may have been interrupted by islands, 
for the Trias in the central region, and again towards the south- 
west, is either very thin or absent; but patches of it (generally the 
characteristic rauchwacké) occur here and there in the Pennine Alps, 
as, for instance, near Saas Fee and in the Zermatt district (below 
the Hochthaligrat). It crowns one of the Aiguilles Rouges, while 
infolded masses of Jurassic strata, with or without underlying 
rauchwacké, occur on the Furka Pass and may be followed to 


1 U.S. Geol. Surv. Thirteenth Ann. Rep. 1891-92 (1893) pt. ii, pp. 217-83. 
2 Bull. Soc. géol. France, ser. 4, vol. 1 (1901) pp. 819, &e. 
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below Obergestelen ; also on the Nufenen Pass and the southern 
side of the Gries Pass: this being part of a strip which may be 
traced (by the rauchwacké) through Airolo, across the mouth of 
the Val Canaria, and then along the Val Piora to the Lukmanier 
Pass and Scopi, where the Jurassic group reappears in considerable 
force. The latter is infolded, as is well known, on both sides of 
the massif of Mont Blanc, and on the southern one the Trias 
also is sometimes fairly developed: this second infold crossing the 
watershed at the Col Ferret to the valley of the Rhone a little 
east of Martigny, along which it may be traced nearly as far as 
the Vispthal. As these Jurassic beds are certainly marine,’ the 
crystalline rocks, which infold and now rise far above them, must 
have been greatly elevated since the age of the Lias. 

But the mechanical difficulties involved in Prof. Lugeon’s hypo- 
thesis become yet more conspicuous when we illustrate it by sections 
drawn on an approximately true scale. Fig. 3, as already stated, 
represents the block of sedimentary rock in which the travelling 
movement is to take place, AD marking the northern border of the 
Préalpes, and BC the corresponding margin of the Piedmontese 
plain, say, near Ivrea. Then AD : AB=1 : 30, for AD represents 
23 miles and AB 75 miles.” Since, so far as I know, there is no 
evidence that the sedimentaries prior to the first Tertiary rising 
of the Alps were thicker on the southern side, we must set them 
in movement by supposing that the oblong extended southward 


: AB 
(suppose to a point B’, so that BB’= 7) and pile on the new part 


BB' a wedge-like mass of sediment, its edge coinciding with B, and 
its other end, say, 23 miles thick.’ Thus the slope of its upper 
surface is rather less than 4°, and the problem practically amounts 
to this: to transport a mass of rock (fig.3, p.300) from a position near 
he oa near y¥ by the pressure set up by the other mass to the south 
0 : 

In Prof. Sollas’s experiments, the length of his trough was to 
the height as 6:1. In the first experiment* the slope of the 
original wedge was about 12°, and the added material, though put 
on at different times, might, I infer, be represented by a corre- 
sponding wedge—applied to a previous surface which had become 
by subsidence nearly level. By the joint action of the two, 
material is forced from the lower part of the first wedge, over an 
obstacle placed on the floor of the trough, at a distance from the . 
loaded end rather more than a third of the whole length, and in 
height about the same proportion of the trough’s depth. In the 


So, of course, is the Trias in many places; but the breccias and anhydrite 
or gypsum, frequent in the rauchwacké, make its origin more doubtful. 

* According to Noe’s map the latter is rather more than 80 miles, but this 
avoids overstatement. 

* As the reader can so easily form a mental picture of this, I have thought 
it needless to insert an awkwardly long diagram. 

4 Quart. Journ. Geol. Soc. vol. li (1895) p. 361. 


304 PROF. T. G. BONNEY ON THE SOUTHERN ORIGIN [Aug. 1907, 


experiment,’ where there was one obstacle, the slope of the original 
material was between 6° and 7°, and the final slope of the mass, 
after loading and movement, about thesame. With two obstacles” 
(when nappes were produced), the slope of the original wedge 
slightly exceeded 12°, and the average slope of the final mass 
was about 6° or 7°. Contrast these conditions, especially the last, 
with those which may have existed in the Alps. At the beginning 
of loading, a wedge instead of an oblong: the distance to be 
traversed 6 times the maximum thickness of the sedimentaries 
instead of about 30 times; and the slope of the added mass (to 
which in the Alpine case all the movement must be due) about 
double. And the material in that case is ordinary rock—limestone 
and shale—instead of cobbler’s wax !* 

Figs. 4 & 5 (p. 800) are exaggerated in Prof. Lugeon’s favour ; 
for, if drawn to the actual scale, either the details would have been 
much crowded vertically or the length would have been inconvenient, 
so here the vertical scale (A’D, B'C) is double the horizontal. But 
notwithstanding this, they will, I hope, give some idea of the differ- 
ence between art and Nature. The one (fig. 4) is an attempt at 
representing the condition of the Alps at the end of the first great 
uplift (in late Oligocene and early Miocene times) when the northern 
range was hardly developed (the central and western part of the 
chain being more like the eastern one at the present day).* The 
outlines of the crystalline core and its sedimentary covering are of 
course, inferential. The other (fig. 5) is a very rough sketch of 
the outlines at the present day, which, allowing for a not unim- 
portant amount of denudation, represents them as they were left by 
the post-Miocene uplift. As in fig. 3 the loaded part, by which the 
‘movements of transference were caused, lies farther to the south- 
east, and must have ceased to be operative as soon as the rising 
crystalline crest of the Pennine Alps broke the continuity of the 
overlying sedimentaries. 


1 Quart. Journ. Geol. Soc. vol. lxii (1906) p. 718, fig. 1. 

eNiGed. tie. 2. 

3 [My friend the Rev. Edwin Hill, F.G.S., suggested to me, when we were 
discussing this subject, that I might have put the mechanical difficulty, 
involved in Prof. Lugeon’s hypothesis, yet more strongly. A mass of sedi- 
ment deposited at or near sea-level (for the earlier Tertiaries are mainly 
marine in the circum-Alpine region) is supposed to have forced plastic 
material, across the rising crystalline ridges, until it has rested some thousands 
of feet above that level on the northern flank of the chain. But the con- 
ditions under which motion becomes possible can be inferred from fig. 2 of 
Prof. Sollas’s first paper (Quart. Journ. Geol. Soe. vol. li, 1895, p. 363); while 
the well-known experiment with a fluid at rest in a U-tube shows that its 
surface cannot be at sea-level in one end, and very much above it in the other. 
In Prof. Sollas’s experiments, the masses of cobbler’s wax were in all cases 
wedge-shaped, and that made motion possible, but this condition did not exist 
in the Alps. The only escape from this dilemma, so far as I can see, would be to 
assert that, the physiography of the region as a whole has been entirely altered 
since the movements came to an end, an assertion which I think hardly 
requires to be discussed seriously.—T. G. B., June 21st, 1907. | 

+ The reasons for this are stated in lectures given at the Royal Institution 
in 1888, and published in the ‘ Alpine Journal’ vol. xiv (1889) pp. 110-17. 
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But it may be said that I am not dealing quite fairly with 
Prof. Lugeon’s hypothesis, because he does not explicitly claim a 
transport of more than 90 kilometres (about 56 miles), and this for 
the Préalpes medianes, so that he may consider the Préalpes 
extérieures to be thrust forward by the pressure of the others. 
Still, the whole area disturbed, directly or indirectly, measures 
fully 80 miles (instead of 75, as I took it). Nevertheless, if my 
diagrams are considered to be in any way unfair, I should be 
content to place y about 14 inches nearer BC in fig. 3 (p. 300), and 
assume the vertical scale in figs. 4 & 5 to be exaggerated in the 
proportion of 3 : 2 instead of 2: 1. 


To sum up: in passing judgment on Prof. Lugeon’s hypothesis 
we must remember the following points :— 

(1) That it rests largely, both in his paper and in others of the 
same general tendency, on correlations of rocks which are taken as 
axiomatic, although they have been repeatedly disputed on evidence 
and in papers which it has apparently been found wiser to leave 
severely alone.’ 

(2) That it receives but little support from Prof. Sollas’s 
experiments, because in them the conditions were so much more 
favourable to internal movement, both in the arrangement and in 
the nature of the materials employed. 

(3) That proof is wanting, either of excessive overloading of the 
Piedmontese lowland in Tertiary times, or of circumstances in the 
earlier days of the Alps being such as could change rocks from the 
state of slightly plastic solids to that of viscous fluids. 

(4) That the masses forming the nappes and plis couchés 
must have completed most of their journey, at latest, very early in 
Pliocene times, because, so soon as continuity was interrupted by the 
crystalline axis of the Pennines, the vis a tergo would cease. 

The problem of the building of the Alps is both complex and 
difficult : it is one on which no man can presume to dogmatize; 
nevertheless I will venture so far as to remark that, while paying 
due homage to the ingenuity and brilliance of the hypothesis 
elaborated so skilfully by Prof. Lugeon, and supported by not a few 
distinguished savants, I still think that the general principles 
of mountain-building—namely, by crumpling of zones in the 
earth-crust—advocated by so many geologists from the days of 
H. D. Rogers onward, modified to some extent by the effects of 
‘horsts’ and ‘ collapses’ as described by Prof. E. Suess, will be found 
to approach more nearly to the truth. 


[ Prof. G. A. J. Cole, when the abstract of this paper appeared, 
kindly called my attention to a criticism of Prof. Lugeon’s views, 


1 Tt may suffice to enumerate those only for which I can assume respon- 
sibility :—this Journal, vol. xlv (1889) p. 67; vol. xlvi (1890) p. 187; vol. xlix 
(1893) pp. 89, 94, 104; & vol. 1 (1894) pp. 279, 285 (at the end of which is a 


summary of conclusions). 


Q.J.G.8. No. 251. Y 
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by Dr. Otto Ampferer, which is printed in the Jahrbuch der k.k. 
Geologischen Reichsanstalt, vol. lvi (1906) p. 548, published on 
December 15th, 1906. This I had not seen when writing my paper, 
which was sent to the Geological Society some time before that 
part of the Jahrbuch reached our Library. If, then, we use similar 
arguments, the coincidence is fortuitous; but, so far as I have 
gathered from a brief glance (which is all that the time at my 
disposal lately has permitted), we have proceeded in the main along 
different lines.—T. G. B., June 21st, 1907. | 


Discussion. 


The PreEsipENT, in expressing the regret of the Society that 
Prof. Sollas should have been prevented by illness from being 
present that evening, remarked that, in his absence, the interesting 
paper to which they had listened could not receive the adequate 
appreciation and criticism to which anything coming from Prof. 
Bonney was justly entitled. He had not himself a sufficiently- 
detailed knowledge of the ground referred to in this paper, to 
entitle him to intervene with any well-grounded opinion regarding 
the matters in dispute. With respect to the theoretical possibility 
of the horizontal displacement of vast masses of rock over long dis- 
tances, 1t seemed to him that it was largely a question of degree. 
It had been demonstrated that in the North of Scotland, during the 
great post-Cambrian movements, large bodies of the lowest and most 
ancient rocks were driven westwards for a distance of at least 
10 miles; and, if this could happen in the comparatively-narrow 
tract of movement in this country, he thought it conceivable that 
displacement of a similar kind, but on a much greater scale, might 
have taken place in the more voluminous chain of the Alps. Then, 
with regard to the question of the Schistes lustrés, he need not 
remind the Fellows that there had been a long-standing difference 
of opinion between the Author and those Swiss geologists who had 
not been able to trace the marked line of division which Prof. Bonney 
claimed to exist, between what he regarded as a series of ancient 
crystalline schists and the metamorphosed members of the sedimen- 
tary formations of the Alps. Into this controversy the speaker did 
not propose to enter; but he thought it important that one view 
of this interesting and difficult Alpine problem should be re-stated 
so clearly and fairly as it had been in the present paper. 

The AvtHor, in replying to the President’s remarks, expressed 
his regret that a temporary illness detained Prof. Sollas in Oxford, 
and said that he thought the amount of displacement became 
important in questions of thrust-faulting, when one portion of the 
solid crust of a sphere was supposed to slide almost horizontally 
over another; and, in the case of the Alps, there was no valid 
evidence of displacement having occurred to such a distance as was 
required, either in the crystalline foundation or in the overlying 
sedimentaries. He was well aware that some Swiss geologists 
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supposed the Schistes lustrés to exhibit a progressive meta- 
morphism, but in the district under discussion the name covered 
two groups of rocks—one, mica-schists, sometimes containing well- 
developed garnets and staurolites, passing into marbles, ete. ; 
the other, merely schistose slaty rocks, in which metamorphism 
was but slight. Sometimes the latter were of Paleozoic age, but 
in this part of the Lepontine Alps they were shown by fossils 
to be Jurassic. Below them, often, though not always, was the 
friable limestone called ‘rauchwacké’, very different from the crys- 
talline limestones of the schists ; and in this rauchwacké, not seldom, 
were fragments of rocks identical with those in the group of 
crystalline schists. The only appearance of a passage from the one 
group to the other was where (in the absence of the rauchwacké) 
excessive crushing along the line of junction deprived the two rocks 
of their normal characters. This was not a question of opinion but 
of fact, and he could demonstrate it to any competent geologist who 
liked to examine his collection of rocks and of sections for the 
microscope, which was now in the Sedgwick Museum at Cambridge. 
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17. The Post-Creraczous Srratierapuy of SourueRn NieERrA. 
By Joun Parxtnson, B.A., F.G.8. (Read December 19th, 1906.) 


[Map on p. 310.] 


THE account given in the following pages, of the stratigraphy of the 
more recent deposits of Southern Nigeria, is the result of work 
carried out between the winter of 1905 and the summer of 1906. 

Owing to the lamentable lack of fossils, and (I may add also) 
owing to the lack of time available for a lengthened search, that 
definiteness of conclusion which is desirable in regard to the age of 
given beds is wanting. Correlation from point to point is accordingly 
based on lithological resemblances, aided in places by the establish- 
ment of an unconformity. 

The following is the stratigraphical succession, in descending order : 

1, Alluvium of rivers and lower terraces. 
2. Benin Sands. 
3. Ijebu Beds. 

4. Lignite Series. 

Omitting the mangrove-swamps, almost universal on the South 
Nigerian coast, the traveller finds, on penetrating a certain distance 
into the hinterland, a great number of sandbanks, now in course of 
formation... Whether the river be great or small these sandbanks 
are, during the dry season, the prominent feature which imprints. 
itself on the memory. Sometimes spreading out over almost the 
entire bed of the river, covered by a few inches of water; sometimes. 
fringing the river-bank, and half overgrown with grass and reeds, 
rising step by step many feet above low-water level, a yellow glaring 
expanse a mile or more in length, these accumulations are a sad 
hindrance to travel. 

Intermediate in age between these sandbanks and the alluvium. 
of the same valleys, unrelated to the present water-levels, we find 
extensive areas occupied by alluvial flats, usually raised above the 
level of any (save exceptionally-high) floods, and actively cultivated. 
Such flats are especially well seen along the rivers emptying into. 
the Lekki Lagoon (Ijebu district of Lagos Province). 

Of the various beds described, the sands and clays which I have 
grouped together as the Benin Sands are stratigraphically the 
most important, on account of their almost universal occurrence: 
to the south of the basement-platform of crystalline rocks. In 
their remarkable content of iron they differ from the subjacent rocks, 
although it should be noted that locally the Cretaceous beds are 
distinctly ferruginous and resemble also the Benin Sands, as regards. - 
their lower beds, in being practically arkoses. The explanation 
is doubtless the same in both cases, and we must seek it, I believe, 
in the rapid disintegration of crystalline rocks concomitant with 
equally-rapid deposition. In the occurrence of fragments of semi-. 
decomposed felspar, also of flakes of muscovite, and in the angularity 
of the quartz-grains we find evidence of this erosion, while garnet and: 
zircon with various iron-oxides occur in the pan-concentrates. No 
fossils have yet been found; the exposed surfaces of the sands often, 
harden to form a kind of crust. 
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There can be no doubt that the deposition of the Benin Sands 
took place during a very pronounced movement of subsidence 
involving nearly all the southern half of the colony, while from 
the succeeding movement of elevation many of the most prominent 
features of the physiography must date. 


Underlying the Benin and Calabar Sands we find a series of clays 
or shales alternating with sandy strata. These have been studied 
in two localities: the first at Asaba and the neighbourhood, where 
I have applied to the beds the term the Lignite Series, from the 
occurrence in them of that material. The second in the Tjebu 
district (Lagos Province), about 140 miles to the west-north-west : 
these I term the Ijebu Series. They are characterized by con- 
taining impregnations of bitumen. 

The relations of these two sets of beds, one to the other and to the 
Cretaceous Series below (most typically developed in the Eastern 
Province), is unfortunately not at present known. 


Between the Benin Sands and the Lignite Series there is 
certainly an unconformity,’ and I feel little doubt that a minor 
unconformity exists between the Benin Sands and the [jebu Beds. 
The difference in age of these two series is probably not great, and, 
judging by the lesser degree of consolidation and the appreciably- 
lower dip, I consider both distinctly younger than the Cretaceous. 
In the present state of our knowledge it is impossible to assign any 
definite thickness to either. 

It is interesting to record that no dykes or evidences of contem- 
poraneous volcanic action have been found in these beds ; but, in the 
Cross-River basin (Eastern Division), dykes are of common occurrence 
cutting Cretaceous strata. 

Four districts in Southern Nigeria have been visited by me, and 
their principal geological features may be summarized as follows :— 


(a) The Central Province. 


Here an extensive basement-platform of gneiss and schists is 
overlain, as to its southern half, by the uniform expanse of the 
Benin Sands. From the occasional appearance beneath the latter 
of shales and sandstones, as, for example, near and to the north of 
Benin City and near Ifon, I think it probable that we have here 
representatives of the Ijebu Beds of the Lagos Province. Without 
the advantage of boring-appliances these beds would have remained 
almost unknown in their typical district; a comparison of these 
adjacent localities shows that the mode of occurrence and the 
degree of consolidation of the two sets of beds which crop out 
below the Benin Sands are all but identical. 


(6) The Asaba District. 

At Asaba, and westward as far as the towns of Ibusa and Okpa- 
nam, the most obvious deposit is a red, somewhat argillaceous sand, 
correlated in its general composition and compactness with the Benin 
Sands. The sand forms hills rising to a height of at least 250 feet 
above low-water Niger. At the bottem of the valleys and in the 


1 «Government Gazette, Protectorate of Southern Nigeria’ vol. vi (1905) p. 287. 
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stream-beds, the members of the Lignite Series! above mentioned 
may be seen; but, as the country is densely clothed with forest, the 
range of the beds can only be discovered by an exhaustive search, 
for which so far there has been no time. 

Except for the obscure remains of some plants, no fossils were 
found in the Lignite Series. 

This district differs from the Central Province, (1) in that the 
boundary between the crystalline rocks and the sedimentary deposits 
lies farther north ; and (2) that the sedimentary beds lying between 
the basement-floor of crystalline rocks and the Benin Sands are, 
on the whole, better exposed. 


(c) The Calabar District. 


The Benin Sands in the neighbourhood of Calabar vary con- 
siderably in composition. Near the ferry on the Kwa River, 
en route to Calabar, a section is exposed at the side of the path 
a few hundred yards from the river. We have here a reddish, 
somewhat argillaceous sand, showing no sign of stratification as 
seen, composed principally of angular quartz-grains and sub- 
angular pebbles. At Calabar, on the other hand, we find a 
variable deposit more argillaceous than the sands at Benin or on 
the Kwa, either homogeneous and structureless or finely bedded, 
exceedingly quartzose, and not uncommonly pebbly. The colour of 
the deposit varies strikingly from place to place, being charac- 
teristically purplish, reddish, or yellowish, owing to the state of 
oxidation of the iron, or possibly to the presence of manganese. 
The quartz-grains are coarse and sharp. 

The Calabar rock is seen still better at Adiabo, about 10 miles up 
the Calabar River. The sand here forms a conspicuous rounded 
hill, presenting a vertical cliff-face to the river, and descending 
rapidly on either side to the swamps. Traces of stratification show 
that the sands are approximately horizontal, or, in places, false- 
bedded. They are usually yellow or mauve in colour, and consist 
of quartz-grains, subangular and having pitted surfaces. 

From a short excursion which J made to Oron and thence for a 
few miles along the Eket road, I think it probable that the Benin 
Sands have a not unimportant extension on the western side of the 
estuary of the Calabar River. 

The banks of the lower Cross River between Ikeritu and 
Ikorofiong provide excellent sections of the Benin Sands. The 
beds vary from yellow sand to grey and red clay, and harden near 
the water-line into a blotched or mottled rock of vesicular habit. 
A section on the Kwa River below Abuton shows a precisely- 
similar rock. At Ikorofiong the high bank is composed of a red 
sandy clay, locally containing multitudes of quartz-pebbles up to 
4 inches in length, not very conspicuously rounded and occasionally 
subrectangular in form. This pebble-bed shows distinct signs of 
stratification: whether it is an integral part of the Benin Sands, 


' For analyses and calorific values, see Colonial Reports—Miscellaneous. 
No. 33.—Southern Nigeria: ‘Reports on the Mineral Survey of Southern 
Nigeria for 1903-4 and 1904-5’ pp. 18-20; & ‘ Government Gazette, Protectorate 
of Southern Nigeria’ vol. vi (1905) p. 288. 
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or an early deposit of the Cross River I have no means of deciding. A 
short distance below Itu (Cretaceous) the Benin Sands are lost. 


(d) The Tjebu District. 

In the Ijebu district we find that the Benin Sands and Clays are 
the most prominent deposits. They are underlain, possibly with a 
slight unconformity, by a variable group of sands and clays, often 
impregnated with bitumen, which has permeated the beds according 
to their interstitial capacity and but rarely taken the form of dykes. 
From fragmentary fossil evidence, they appear to have been deposited 
in estuarine or fresh waters. 

As these beds were investigated almost entirely by bore-holes, 
I feel considerable diffidence in speaking of their fossil contents, but 
now and again shells have been brought up in the cores. The 
fossils consist almost entirely of unrecognizable lamellibranchs, but 
Mr. Henry Woods has kindly identified for me a Natica and a 
small shell (Meretrix?). At one small section north of the little 
village of Aiye, about 23 days’ journey south of Ondo (say 40 miles), 
the impressions of shells were found in a bluish-grey clay, overlain 
by the usual Benin Sands. The clay was so soft and water-logged, 
that it was almost impossible to preserve the specimens; but, 
among the very imperfect impressions brought home, Mr. Woods 
notes Cardium (2), Arca (?), Astarte(?), and Gart (Psammobia? ). 

So far as can be inferred from the borings, the dip of these 
beds, taken as a whole, does not exceed 2° or 3° in a southerly 
direction; locally, the higher beds at least are false-bedded. 
Obscure remains of plants are found in other localities. 

It is of interest to record that one section which [ examined on 
the Ogun River, south of Abeokuta,! showed about 150 feet of red 
sandstone (correlated with the Benin Sands) sufficiently compacted 
to stand as a vertical face; the rock locally was pebbly, but the 
quartz-grains were typically angular, variations in coarseness of 
grain showing the bedding, which, however, was far from marked. 
Below this section, and a short distance down stream, mauve or 
whitish clays cropped out. 

These sands and clays are underlain (whether conformably or 
not, could not be determined at the time) by brown and grey 
carbonaceous shales, occasionally containing plant-remains in such 
abundance as to constitute practically a lignite. These beds may be 
provisionally correlated with the Lignite Series of Asaba, and have, 
of course, an important bearing on the economic geology of the Colony. 

Additional work in the neighbourhood of Itori would doubtless 
prove the existence of rocks other than the Benin Sands. About 
4 miles south of Abeokuta gneisses of various kinds begin, some 
being markedly porphyritic; and, certainly along the railway to 
Ibadan, any outliers of the sedimentary series are soon left behind. 

I understand that at Shagamo shale-outcrops are abundant, and 
from native information I have little doubt that crystalline rocks 
appear at Ajabamedele on the Oni River, so that the southern 
boundary of the crystalline rocks is, all things considered, fairly 
well established. 


1 «Southern Nigeria Government Gazette’ vol. i (1906) no. 10, p. 170. 
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18. The Grotoey of the Osan Hitts (SourHern Nie@ERIA). 
By Joun Parxtnson, B.A., F.G.S. (Read December 19th, 1906.) 


[Abridged.—Map on p. 314.] 


THE country worked over comprises some 1800 square miles 
adjacent to the Kamerun frontier, lying in the form of an ellipse, 
with its major axis running north and south, bounded respectively 
by the Cross River and the swamps east.of Calabar (see map. 
p. 314). 

I arrive at the following conclusions :-— 

(1) A study of the Eastern Province of Southern Nigeria shows 
the Oban Hills to be part of an extensive spur or inlier of crystal- 
line rocks, surrounded in British territory by Cretaceous and later 
sediments. 


(2) The crystalline rocks are broadly divided into two groups— 
the one characterized by the presence, the other by the absence of 
foliation. 


(3) The former consists in part of acid orthogneisses, which tend 
to lose their foliation and pass into granites, and when coarsely 
crystalline they have a pegmatoidal habit. 

The commonest rock of the series is a fine-grained biotite-gneiss, 
but many varieties are found, and it is considered that these are 
the members of a differentiated magma, the various products of 
which took up their present positions at different times: that is, they 
differ slightly in age. Mica and less frequently hornblende-schists, 
together with sphene-schists and rare sillimanite-gneisses (A w6fong), 
occur throughout the district, and it is contended that these rocks 
are older than the gneisses. 

At Abuton (Kwa River) a garnet-tourmaline-orthogneiss is asso- 
ciated with a fine-grained mica-schist, so closely as to produce a 
banded composite gneiss by a process, apparently, of lit-par-lit 
injection. Examination of numerous gravels shows that the 
foliated rocks contain monazite. 


(4) The unfoliated group, developed principally on the western 
side of the Oban Hills, but sporadically over the entire district, 
consists of many varieties of granite, of tourmaliniferous pegmatites, 
and of aplite-dykes. 


(5) The youngest rocks are a series of olivine-basalt dykes, 
which, from a comparison with dykes and sills cutting Cretaceous 
rocks on the Cross and Aweyong Rivers, are considered to be of post- 
Cretaceous age. 


(6) A group of phyllites and subordinate grits altered by acidic 
intrusions, now gneissose, into various forms of Fruchtschiefer 
(spotted slates), micaceous and staurolite-schists, and of garnet- 
and andalusite-hornfels, occur near Uwet on the Calabar River. 
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Taking this series (6) as a whole, proofs of contact-metamorphism 
are abundant. At almost the lowest point of the Uwet Rapids is 
an example of an exceptionally-fine Fruchtschiefer (spotted slate), 
in which the prisms discernible on a weathered surface measure 
occasionally 4 inches in length. 

The rock in which these growths occur is a somewhat altered 
slate, in which white mica has been abundantly developed. Some 
of these metamorphic effects have doubtless been caused by the 
intrusion of granites, for these rocks form both banks of the river 
above Uwet Bungalow, almost as far as the lowest rapids, and are 
met with again about 4 miles up stream. Some 24 miles up stream, 
that is to the northward, occurs a staurolite-schist, and exceedingly 
well-formed crystals of the characteristic mineral are found in the 
pans taken from the gravels of streams between Ewen and Ekpri 
Ibami, suggesting a wide distribution for this type of rock. 

The series varies considerably, both in degree of alteration and 
in composition. Usually, the rocks are practically mica-schists; but 
interbedded, as it would seem, with them is a second type of 
compact bluish-grey rocks with conchoidal fracture, containing ill- 
formed garnet, occasionally andalusite, and blades of an ortho- 
chlorite.’ Other rocks are distinguished by the occurrence of 
tremolite. 

Study of the field-evidence and of the specimens collected seems 
undoubtedly to show that the phyllites and grits which crop out near 
the Uwet Bungalow, by contact-metamorphism become reconstituted 
into mica-schists and hornfels in a distance of, say, 6 miles. The 
strike of the altered rocks is so variable that too much reliance 
must not be placed on any observed direction; but, judging from a 
number of observations, there can be little doubt that in travelling 
from north to south we are working across and not along the strike. 
So far as the investigation has at present gone, the phyllites and 
grits are not seen again when we have once reached the area 
occupied by the mica-schists, nor do gneissose rocks appear which 
can be confidently determined as altered felspathic grits or grey- 
wackés. I consider that between Uwet and Akwa Ibami we have 
an example of extensive and far-reaching contact-metamorphism, 
and it seems not a little suggestive that the banded sillimanite- 
gneisses of the Ekankpa Ford are found only 5 miles north- 
east of the typical areas of contact-metamorphism at Uwet and 
Buden. 


Two other districts throw some light on the Uwet rocks :— 

i) Near Akpum, on the Kwa River (a few miles below 
Abuton).—Two types of rocks have been collected and examined : 
one appears to be an altered grit, the other approximates in appear- 
ance to the green schists of the Alps and the Start. In neither 
does any clear trace of an original constituent remain. 


* Probably nearer to pennine than to clinochlore. 


Fig. 2.— Diagrammatic section from Uwet north-castward, showing the relations of the crystalline rocks. 
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The first-mentioned rock is a uniform 
and irregular mosaic of quartz and 
felspar in approximately-equal propor- 
tions, and small often acicular flakes of 
biotite, chlorite, and hornblende, the 
general appearance recalling a meta- 
morphosed clastic rock; the second 
consists of green hornblende, with a 
variable amount of biotite and muscovite 
and water-clear labradorite. Sphene 
and rutile occur as accessory minerals. 
The second type of rock appears to be 
associated quite irregularly with the 
former. 

Gi) The Calabar River, near 
the KEkankpa Ford.—The rocks 
forming the river-banks recall the 
banded composite gneiss of Abuton in 
being a crystalline group, consisting 
(a) of an acidic gneiss and (0) of fine- 
grained dark schists. 

The first consists of orthoclase, the 
phenocrysts occasionally measuring an 
inch in length, oligoclase, and some 
quartz, with biotite and muscovite ; the 
second of quartz, albite, and oligoclase, 
with small flakes of biotite, and grains 
of garnet. In some specimens  silli- 
manite is typically developed, and rutile, 
tourmaline, and zoisite are accessory 
minerals. ‘Muscovite i is often abundant. 


The following data serve to indicate 
the directions of foliation throughout 
the district. The observations are in 
all cases true, and not magnetic :— 


North-west of Ibum on the] N. 5° W. to 


Avene Mamet feailet .sconbosansccon N. 45° W. 
On a tributary of the Calabar 
River, south of Ibum ......... N. 20° W. 


A second locality south of Ibum N. 11° W. 
North-west of Akwa Ibami...... N. 22° W. 


[approx. 
South-east of Akwa Ibami...... N. 45° W. 
[approx. 
Calabar River, west of Ekankpa N. 27° W. 
North-east of Abong ............ N.S. 

_ Kwa River, west of Oban ...... N. 8° E. 
Kwa River at Abuton ............ N. 30° E. 
North of’Ndengani, near Abuton N. 28° EH. 
SNH ov on OL Me aManene bana noe cada sMusaG N. 42° E. 
Path south of Awéfong ......... INAS 185 
AM ONGTOUS WA GuE Bonar ce biscotoSbbo ond ob0 N. 25° E. 
UES OO} eat OR eA SIRES dann N. 22° E. 


[For the Discussion, see p. 317. | 
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19. The CrysrartinE Rocks of the Kuxorvuxu Hitis (SovurHERN 
Niger). By Jonn Parkinson, B.A., F.G.S. (Read 
December 19th, 1906.) 


[ Abstract. | 


In this paper a preliminary account is given of the crystalline 
rocks lying to the north of the Benin Sands of the Central Province 
of Southern Nigeria, and between 5° 20' and 6° long. E. (for route, 
see map, p. 310). : 

Comparison of this district with that of the Oban Hills goes 
to show that we have to deal with differences rather of degree than 
of kind. In each area we find a group of schists intruded into by a 
series of later gneisses of acid composition; in each the latter are 
associated with pegmatites and basaltic dykes. 

In the Kukuruku district (Owo, Otua, etc.) there is a striking 
development of quartz-schists, unknown up to the present in the 
Oban Hills; a difference to be naturally accounted for by the condi- 
tions under which the original sediments were deposited. 

The evidence for the intrusive nature of the gneisses of the 
Kukuruku Hills rests upon sections along the banks of the Ayi-ossi 
and the Ossi. 

The petrographical characters of the schists (quartz-schists, 
sillimanite-schists, etc.) show that they were originally sediments. 
A partial analysis of a very ferriferous mica-schist from Otua yielded: 


Per cent. 
S10 AR Ben ae ee eae 15°10 
Ret. On Se Ree es 67-77 
cy (47°44 Fe) 
PAO clea eat ake code 4:83 


In many respects the gneisses recall those of the Eastern. 
Province. 

Near Utchi in the Ogbese Valley the foliation of the gneiss 
trends N. 45° W. (true), and on the Ossi west of Iduani the trend. 
of the foliation is approximately the same. 


DiscussIon (ON THE THREE FOREGOING PAPERS). 


Dr. J. W. Evans referred to the advantages of the system, by which 
the members of the Mineralogical Surveys of Northern and Southern 
Nigeria spent the winter in the field in the Protectorates, and the 
summer in this country, reviewing their work. The crystalline 
rocks showed considerable resemblance to those of Central Africa, 
so far as they were known; and similar types were largely repre-. 
sented in the southern portion of peninsular India. 

Mr. R. B. Newton suggested that some proof should be given, in 
the Author’s second paper, as to the presence of Cretaceous rocks in 
Southern Nigeria. 
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20. The Corat-Rocxs of Barsapos. By Prof. Joun Burcumore 
Harrison, O.M.G., M.A., F.G.S., F.LC., F.C.S. (Read March 
Zi GOT.) | 

[Puare XXITI—Map & Szcrion. |} 


In the Quarterly Journal of this Society for May 1891 (vol. xlvii, 
pp. 197-248), Mr. A. J. Jukes-Browne and I publishec a paper on 
the coral-rocks of Barbados, and this was followed in the Journal 
for August 1898 (vol. liv, pp. 540-55), by a paper by Mr. G, F. 
Franks and myself entitled ‘The Globigerina-Marls & Basal Reef- 
Rocks of Barbados,’ in which we described a formation underlying 
in many places the true coralline limestone, and through which, at 
Bissex Hill and at Bowmanston, we were able to trace a gradation 
from Globigerina-Marls to coralline limestones. 

The paper of 1891 was written after I had lived for ten years 
on the limestone therein described, had visited almost all the 
sections visible in the island, had descended many wells sunk to 
the base of the limestone, and had explored all the known caverns 
traversing that rock. In addition I had spent many hours, both 
on foot and in my canoe, examining the reefs now in course of 
formation and the channels between them and the shore in several 
parts of the island. 

In this paper we specially directed our efforts towards explaining 
the structural features of the limestone-terraces by reference to the 
reefs now growing; we showed the general concordance of the 
physical features and the parallelism of the older and higher reef- 
rocks to the lower, and of the latter to those now in course of 
formation outside the present coast-line; and we pointed out the 
causes which, in our opinion, have given rise to them. 

We mentioned (op. cit. p. 197) that the account of the ‘Coral- 
Limestone’ of Barbados given by Sir Robert Schomburgk in his 
‘History’ of that island (1848) ‘is fairly complete and accurate’ ; 
but we did not consider it necessary to repeat in our paper the 
details so well set out by that author. 

We indicated in the various sections given in the paper the fact 
that the coral-rocks of the island lie either approximately hori- 
zontal, or slope at very low angles in various directions. On p. 219 
ef that paper we indicated that 
‘near Hillaby Plantation the layers of coral-rock have a distinct westerly dip 
or slope away from the Hillaby ridge; the direction varies from a little south 
to a little north of west, and the angle of slope is about 4°. This inclination 
is probably due in part to original formation on a slope, but. it may have been 
increased by subsequent upheaval,’ 
thus drawing special attention to one of the few places where the 
slope of the beds is really well-marked. I regret that we did not 
specifically mention the practically-horizontal bedding of almost all 
parts of the coral-rock that we examined, and did not draw attention 
to the diagonal bedding which in places is shown by the variety of 
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coral-limestone that we described on p. 223 of the above-quoted 
paper as ‘ Beach-rock’; for, if we had done so, it might not have 
become necessary to write this paper. 

In a paper published in the Quarterly Journal for August 1902 
(vol. lviii, pp. 8354-67), Prot. J. W. Spencer drew the attention of 
the Society to his view that the coral-limestones of Barbados do not 
form a continuous series; that the lowest parts of the limestone- 
terraces in various places are of an older formation, ascribed by 
him to the Oligocene, than are the upper parts; and that, over a 
distance of several miles, these older rocks dip at angles of from 
12° to 20° south-eastward, while they are unconformably covered 
by horizontal deposits of Pleistocene and recent age. 

The acceptance or not of Prof. Spencer's views is a matter of 
some importance, as, if they are correct, the accepted age of every 
rock-group in the island must be altered by them; while, in the 
case of the coral-rock formation, a series of disconnected convulsions 
of Nature must take the place of what has hitherto been regarded 
as an orderly succession. We therefore pointed out on pp. 550-54 
of the ‘Geological Magazine’ for 1902, the various reasons which 
led us to doubt the existence of high-dipping limestones of 
Oligocene age among the coral-rocks of Barbados, and expressed our 
hope that I might be able to re-examine these strata in company 
with Prof. Spencer. Unfortunately, outbreaks of smallpox in 
Barbados, and later in British Guiana, gave rise to vexatious 
quarantine-restrictions which prevented me from doing so. 

In August, 1906, I sojourned in Barbados for three weeks, and 
as much of that time as I was able I devoted to examining in 
detail the areas (and more especially the various sections and 
exposures) described by Prof. Spencer. This was rendered some- 
what difficult, as Prof. Spencer had in some instances used names 
other than those adopted for nearly two and a half centuries to 
designate well-known localities. 

I was not able to make full collections of the fossil corals in 
the sections that I visited, but I have made such arrangements as 
to ensure this being done. Hence, in this paper, I deal principally 
with the stratigraphical evidence as to beds described by Prof. 
Spencer as being high-dipping and of Oligocene age. 


I made several traverses starting from the middle of the island, 
a little north of Mount Misery, to The Crane on the south-eastern 
coast. This direction corresponds to that of the dip of the beds 
described by Prof. Spencer; and I passed several times across what, 
according to that authority, should have been their strike. I 
found, however, no evidence of the existence of beds dipping uni- 
formly to the south-east at angles of from 12° to 20°; though I 
found several exposures (all of which, with the exceptions of Mapps’ 
Quarry and Pollard’s mar!-hole, I had visited while resident in the 
island) showing the presence of portions of the coral-rocks in which 
the bedding is not horizontal or at very low angles. As doubtless 
these are the sections on which Prof. Spencer based his views as 
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Fig. 1.—Section at Conset Point, eastern face, 
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to the bedding of parts of the rocks, I propose to 
describe them in some detail. 

I spent some time in re-examining the coral- 
rocks to the north-east, and south of Bridgetown, 
including the exposures ‘ near the Cathedral,’ whence 
Prof. Spencer stated that he had obtained the 
corals on which he based his opinion that the steeply- 
dipping rocks some 10 to 12 miles away are of 
Oligocene age; but I failed to find any evidence of 
the existence of limestones other than of recent or 
Pleistocene origin. 


Conset Point and Railway-Cutting. 


Prof. Spencer described on p. 360 of his paper 
a series of beds dipping uniformly south-eastward, 
and succeeded by horizontal strata which he stated 
were exposed in a railway-cutting and bluffs near 
Ragged Point. There is not, and there never has 
been, a railway-cutting in the vicinity of Ragged 
Point, the nearest cutting being at Conset Point, 
about 24 miles to the north-west of it. This, 
doubtless, is the cutting seen by Prof. Spencer. 

Conset Point is an extensive mass of limestone, 
bounded on its northern and eastern sides by high 
rugged cliffs upon which the sea breaks with much 
violence. ‘he limestone near the base of the cliffs 
has been extensively undermined by the waves ; 
and there are great fissures running horizontally 
through it, connected by vertical ones with the 
surface, through which, when the area is rough, 
the water is driven with great force, giving rise to 
‘Spouts.’ Viewed from the north-west, the eastern 
part of the mass is seen to have been undermined 
by the sea, and, assisted by the beds originally 
sloping in various directions seaward, to have tilted 
or slipped forward on the underlying clays of the 
Scotland Beds exposed at sea-level in the adjacent 
Conset Bay, giving rise to beds which apparently 
dip at relatively-high angles in various directions. 
It was not possible to get to the base of the cliffs, 
and hence I could determine the apparent dips only. 
At the Point the apparent dip is 6° east-north- 
eastward, while south of it the beds apparently slope 
at about 17° in the same direction (see fig. 1). In 
a cliff facing northward on the northern side of the 
Point, the apparent dip of the beds is about 27° 
to the south-south-east. The sloping beds in these 
cases are approximately from 30 to 40 feet thick. 
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The cutting made through Conset Point enables the railway 
to descend from the level of the plateau, about 120 feet, to about 
50 feet above sea-level. The cutting follows a long curve for about 
3 furlongs to the west of the eastern cliffs and to the south-west 
of the northern cliff. Along the south-west of the curve it has 
been found necessary, from time to time, to set back the cutting, 
owing to the frequent occurrence of slips in the masses of limestone. 
As a consequence of a recent retirement of this cutting, sections are 
now exposed which were not available when I made my earlier 
examinations of the district. 

About 800 yards north of the 14-mile post on the railway-line, 
sections are exposed on both the eastern and the western sides of 
the track. These sections are about 60 feet above the cliff-face 
which shows beds apparently inclined at 6° to the east-north-east. 
At the northern end of the sections the lowest beds seen dip 
north-westward at 12°; these are succeeded by beds dipping at 
33° north-north-eastward ; these by others sloping at 32° north- 
north-westward, followed by some inclined to the north-north-east 
at 15°, which underlie some 10 feet of beds dipping at 30° 
eastward. These last have an eroded surface, and are covered in the 
southern part of the section by practically horizontal beds. This 
section was clearly shown at the time of my visit to be through a 
series of diagonally or false-bedded strata, consisting for the main 
part of consolidated coral-sand and rubbly limestone-débris, known 
locally as ‘Marl.’ (See fig. 3, p. 322.) 

Following the railway along the south-western part of the curve, 
above and in the rear of the cliff-face where the beds seem to be 
inclined to the south-south-east at an angle of about 27°, a section 
some 30 yards in length is exposed, its direction being east- 
north-east and west-south-west. In the upper part of this the beds 
either are practically horizontal, or dip at low angles of 2° to 3° 
east-north-eastward. These are underlain by marly and rubbly beds 
dipping east-south-eastward at angles varying from 14° to 16°, 
in which diagonal bedding is clearly apparent. (See fig. 4, p. 322.) 

Some distance to the west of the foregoing sections a new cutting 
has been made in a south-south-westerly and north-north-easterly 
direction through the low hill called My Lady’s Hill (marked 
‘Rock’ on the official map of the island), This section is about 
00 yards long, and about 20 feet high at its deepest part. Its base 
consists of beds of calcareous sands and rubble dipping to the north- 
east at 12°; these are succeeded by beds dipping east-north-eastward 
at angles of about 15° to 16°; while the top beds of the section 
are practically horizontal. The varying dips are due to diagonal 
bedding, and their general direction is north-easterly. This section 
shows numerous small faults, fissures, and cracks apparently due 
to landslips. (See fig. 5, p. 322.) 

The cliff and railway-sections described formed the basis on 
which Prof. Spencer constructed the section (here reproduced, fig. 6, 
p. 323), given on p. 358 of his paper, and described as follows :— 


“We find the accompanying section (fig. 1) in the railway-cutting and bluffs 
near Ragged Point.’ 3 
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The facts just narrated do not, in any way, point to the general 
accuracy of his section. The uppermost beds of the Conset-Point 
plateau are certainly horizontal, or nearly so; in place, however, of 
the statement ‘All of these beds dip 15° to 20° south-eastward’ 
(loc. cit.), by which he deseribed the lower beds, it is only possible, 
after careful and minute examination of the various exposures, 
to state that the lower beds do not exhibit even an approximately- 
uniform dip to the south-eastward, but incline in varying direc- 
tions—as, for instance, to the east-north-east, to the south-south- 
east, to the north-west, to the north-east, and to the east, while the 
angles of the dip vary in the strata of the mass from about 12° 
to 33°. The evidence shows that the Conset-Point mass is made 
up of diagonally-bedded strata of consolidated calcareous sands 
and rubble, the inclination of which in parts has been materially 
modified by landslips and by tilting towards the sea. (See fig. 7, 
p. 323.) 


The South-Eastern Sections. 


From Conset Point in a southerly direction as far as The Crane, a 
distance, as the crow flies, of about 5 miles, | examined many road- 
and quarry-sections and bluffs on the coast. 

Prof. Spencer stated (op. cit. p. 358) that 
‘the strike of these [that is, the lower—J. B. H.] beds continues to Three 
Houses, 2 miles inland’ ; 
but the only section which I found at that place is the road-cutting 
near Three Houses at Thicket Hill, through calcareous rubbly 
beds curving in their inclinations from a dip of 2° to 3° east-north- 
eastward at the south-eastern end of the cutting to a slope at 
about the same angles west-north-westward near its middle, and 
again east-north-eastward at a somewhat lower angle at the 
north-eastern end of the exposure. (See fig. 8, p. 323.) 

The great mass of limestone on the escarpment to the north-west 
of Three Houses is intersected by several deep gullies or ravines ; 
and many low cliff-sections are visible in these, and on the face of 
the escarpment. There are also, as near Pleasant Vale, some large 
quarries in the lower parts of it. Wherever the rock is in stu the 
bedding is either horizontal, or, as in the escarpment below District C 
Police-Station, dips at low angles of about 1° to 2° westward. 

About 14 miles south-west of Three Houses, at Bushy Park, there 
is a long and excellent series of exposures of dipping-beds for some 
250 yards along a road-cutting running north-west and south-east. 
The following beds are seen when going up the road from the south- 
east: —A bed of rubbly coral-débris, 3 feet thick, dipping at 27° 
south-eastward, which is exposed for about 5 feet, its dip gradually 
decreasing to 18° where it is cut off by a bed 8 inches thick dipping 
at 25° west-north-westward ; 30 feet to the north-west of this the 
lowest beds seen dip at 3° south-westward, and are below others 
sloping towards the east-south-east at 45°, which are in turn suc- 
ceeded by beds dipping south-eastward at 5°. Some 30 feet from the 
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last exposure beds are seen inclined 3° to the south-south-east, lying 
on others dipping at 15° south-eastward ; and succeeded by beds 
sloping to the north-east at angles of about 25°. Farther north- 
west beds dip at 32° east-south-eastward, and this high inclination 
gradually changes in the course of about 50 yards to one of 3° 
south-eastward. At the north-western end of the series of sections 
beds are exposed dipping at 15° south-eastward, followed by beds 
which slope at 4° in the same direction. (See fig. 9, p. 326.) 
All the dips in this series of exposures are clearly due to current- 
bedding, and are excellent examples of the effects of currents, 
varying in direction and in force, on calcareous sands and marly 
coral-débris in shallow water outside the coast-line—then formed 
by what is now the neighbouring great escarpment. 

About 17 miles east of the Bushy-Park road, at Mapp’s Planta- 
tion, is an old quarry. On the eastern face at its northern end the 
upper strata dip at 15° south-eastward and rest on horizontal beds, 
the upper beds towards the southern end gradually losing their slope 
and becoming horizontal. On the western face the lowest beds seen 
dip at an angle of 3° southward, and are succeeded at the northern 
end by beds dipping at 25° in the same direction ; while the upper- 
most beds near the middle of the face dip at 5° south-south-eastward, 
and become horizontal towards the southern end. On the northern 
face at its eastern end the strata dip westward, the lower at 8°, the 
higher at 18°; while towards the western end the lower beds become 
horizontal, and the slope of the upper gradually increases to 28°. 
All the beds are of similar character, consisting of ‘ Beach-rock,’ 
and their inclinations are due to current-action. (See fig. 10, p. 326.) 
Thus the exposures along the alleged strike of the dipping-beds give 
no support to Prof. Spencer’s statement. 

About 13 miles in a southerly direction from Mapp’s, at Rolston, 
is a road-cutting in which dipping-beds are exposed. The section 
is from the north-west to the south-east, and at the northern end 
the approximately-horizontal beds which are seen between Mapp’s 
and Rolston are succeeded by beds of fine marl dipping under them 
at 5° north-north-eastward. These extend for about 50 yards, and 
then are underlain by beds of exceedingly-coarse limestone-con- 
glomerate, containing masses of limestone measuring up to 12 inches 
across, dipping in the same direction at 30°. The conglomerate-beds 
are from 5 to 6 feet thick, and in turn are followed towards the 
south-east of the section by beds of friable marly limestones inclined 
at 5° to the east-north-east. 


The true dips of the coral-rock in this district are very clearly 
seen in the numerous cliff-faces between Long Bay and Ragged 
Point. The cliffs range from 20 to 40 feet in height, and the beds 
shown in them are, as a rule, practically horizontal, but in places 
dip from 1° to 3° to either the west, the west-south-west, the 
north-north-west, or the south-east. Beds in situ dipping at angles 
of from 12° to 20° south-eastward were not seen in any place 
that I examined; but near The Crane I found great fallen or 
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slipped masses inclined to the south-east at 5° to 6°, and lying on 
the shore in front of the mass of the limestone which dips from 2° 
to 3° west-south-westward. 


The Coral-Rocks near and above Bath. 
Prof. Spencer states (op. ct. p. 358) that near Bath 


‘the inclined strata of this formation may be seen dipping and passing under 
other beds which rest unconformably on them in horizontal positions.’ 
Reading ‘ near Bath’ in a wide sense, there is in that neighbourhood 
a great thickness of coral-rock traversed by the roads which descend 
the great escarpment from the high plateau in St. John’s parish : 
one running from Society Plantation by the Chapel to Codrington 
College; another from Cliff Cottage to Bath; a third from south of 
St. John’s Church to Quintyns; and a fourth from about a quarter of 
a mile north of the church to Newcastle House. Of these roads, 
that which runs from Society Plantation to Codrington College is, 
owing to the great expanse of slipped masses through which it passes 
in its lower part, of little use for the examination of the strata at 
the base of the limestone. All the limestone exposed in situ, from 
Cliff Cottage to Bath, practically is horizontally bedded; and I 
failed to find any evidence of the existence of 

‘the sloping beds of the Antigua Limestone upon the flank of the mountain 
behind it [Bath], 

mentioned by Prof. Spencer on p. 361 of his paper. But there 
is below the escarpment an extensive talus-slope, with many great 
masses of limestone, inclined to the north-north-west. 

The track leading to Quintyns from the top of the escarpment 
south of St. John’s Church descends for about 170 feet the face of 
the escarpment, and the limestone is everywhere bedded horizontally. 
Some 20 feet below the base of the escarpment, at about 680 feet 
above sea-level, a lower plateau or terrace of later formation occurs, 
which also is bedded horizontally, and is about 20 feet thick. 
Beyond this is a talus-slope of blocks of limestone for a depth of 
about 50 feet, the rocks at about 530 feet above the sea resting 
upon a lower terrace of coral-rock, the lower part of which is very 
similar in structure to, and practically indistinguishable from, the 
rocks of the low plateau at about 150 feet described by Prof. Spencer 
as the ‘Bath Formation.’ The 680-foot terrace is well marked below 
the main escarpment, between Society Chapel and the road to Bath. 

The road north of St. John’s Church to Newcastle House descends 
through 160 feet of the main limestone-escarpment. The upper 
beds are everywhere horizontal; but, at the base of the cliff and 
of the limestone, the beds are inclined at a low angle of about 3° 
to somewhat east of north. As on the Quintyns track, at about 
670 feet above sea-level is a lower terrace of more recent age, the 
limestone of which is about 70 feet thick. The limestone of the 
terrace is usually bedded horizontally; but in places, as at about 
30 feet from its top where it is inclined from 5° to 6° south-eastward, 
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there are local dips at low angles. About 60 feet of talus-slope 
lies below this terrace, and at some 520 feet above sea-level is a 
small limestone-plateau, the rock lying horizontally and uncon- 
formably upon beds of the Oceanic Series. The basal part of this 
plateau is indistinguishable in structure from Prof. Spencer’s ‘ Bath 
Formation.’ 

The limestone-beds seen in the escarpment to the north of the 
Newcastle road either are horizontal, or lie at low inclinations: as, 
for instance, at Hackleston’s Cliff, where they dip south-westward 
at an angle of about 2°. 

If the cliffs between St. John’s Church and the Newcastle road 
are viewed from a little distance, well-marked inclinations are seen 
in some of what appear from afar to be cliff-faces. For instance, a 
little north of the church the beds seen in a bluff are inclined to 
about 10° south of west at an angle of 23°; and about 400 yards to 
the north a great mass has an apparent dip of 18° westward, while 
some 200 yards still farther north in another mass beds are inclined 
25° west-south-westward. These inclinations are due to landslips, 
and are found wherever masses of the escarpment have slid in 
various directions over sloping surfaces of the underlying Oceanic 
marls and clays. The existence of these masses was pointed out by 
Schomburgk in 1848. Masses showing highly-inclined beds near 
to and south of the church are known to have slipped from the 
horizontally-bedded limestone-plateau some fifty years ago—with the 
result of obliterating a spring of water which issued from near the 
base of the escarpment, and from which the then inhabitants of the 
neighbourhood obtained their water-supply. These facts are of 
importance, as they supply reasonable grounds for thinking that 
the bluffs near Conset Point also owe the inclined nature of their 
bedding, in part at least, to landslips. 


The 800- and 1000-foot Plateaus. 


Prof. Spencer laid stress on the presence of limestone-beds dipping 
at 12° to 20° south-eastward on the estates of Chimborazo, Cane- 
field, and Mount Misery, and I therefore made careful examinations 
of the various sections in the 800- and 1000-foot plateaus. In 
two places near the edge of the 800-foot escarpment, beds dipping 
at considerable angles were found. 

The more westerly one of these is at Dukes, about 2 miles north 
of Cane Garden, at an elevation of about 800 feet. The section is 
known as ‘ Dukes’ Marl-hole.’ The highest beds exposed towards 
the southern end of the pit are horizontal, and are underlain by 
beds sloping at 12° north-westward; under these are others 
dipping 17° west-south-westward, while the lowest beds seen dip 
28° in the same direction. The upper beds on the north of the 
marl-hole are horizontal, as are the lower; but the latter gradually 
slope, until they are inclined at 12° to the south. All these beds 
consist of calcareous rubbly marl. 

Between Mount-Tabor Road and Villa-Nova Road, about 5 miles 
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east of Dukes, are large quarries and road-sections showing beds 
inclined at considerable angles. Below Mount Tabor thin beds, 
less than 2 feet thick, are seen sloping at 12° east-north-eastward, 
and others at 8° northward. Beneath these, beds dip at about 
17° to the south-east. These are also seen for a short distance 
along the road leading to Haynesfield, south of Mount Tabor, their 
inclination gradually lessening southward until they become 
almost horizontal. 

To the west of these exposures is the large quarry known as 
Haynesfield Quarry, in which is; one of the most instructive 
sections that I have seen in the coral-rocks of Barbados (see fig. 11, 
p. 330). The quarry, or rather series of quarries, is situated on 
the face of an escarpment at about 820 feet above sea-level, and 
extends for some 80 yards in a westerly direction parallel to the 
main road. ‘The beds at the eastern end of the quarries are marly 
deposits dipping 3° south-eastward at the bottom of the section, 
succeeded by similar beds dipping at 4°, at 7°, and near the top at 
18° in the same direction ; this south-easterly series 1s covered by 
beds dipping eastward at 10°. To the west of this the uppermost 
beds are horizontal, and the middle beds dip 8° north-eastward. In 
the next quarry the top-beds are horizontal, and lie on beds sloping 
at 6° to the east, which overlie others inclined at 16° to the south- 
east, while the lowest beds seen dip at 24° west-north-westward. 

In this section massive reef-corals, principally Orbicella and other 
Astreiform corals, are plentiful in the otherwise marly to sandy beds. 
The corals in the uppermost beds and in those dipping at 6° are in 
‘their positions of growth; while those in the more inclined beds lie 
in various positions, but seldom, if ever, in that of growth. Many 
of them are lying on their sides, others are almost inverted, while 
some are upside down. Their positions are quite independent of 
the bedding. ‘This section is clearly one of a formerly submarine 
face of a coral-reef on which the sea broke with force sufficient to 
break off many of the coral-heads from their places of growth, the 
broken-off pieces falling or rolling down the face of the reef and 
becoming embedded in the positions in which they fell in the slope 
of coral-débris forming at the foot of the reef. At the western end 
of the quarries the bottom-beds slope at 7° south-westward, while 
the upper beds dip at 15° east-south-eastward. 

There is a cutting on the road leading up the escarpment from 
near the quarries to Villa Nova, which is practically at right angles 
to the quarry-sections. The beds exposed on the east side of the 
road dip at 10° east-south-eastward, and contain masses of reef-corals 
lying on their sides or, here and there, reversed. On ascending 
the hill the slope of the beds is seen gradually to decrease, until near 
the top of the ascent they are lying almost horizontally, and there 
contain reef-corals in their normal positions of growth. West of 
this road the limestone-strata are horizontal. 

I may here state that, in many parts of the coral-limestone, it 
is very difficult to make out the bedding of the strata, but the 
positions of the reef-corals usually show this definitely and clearly. 


[402] OF = WOULT : gyvos yequoz110 77] 


(fee ‘S&K OO” 


<- 20 FEET. > 


‘LSYF -HLNOP-LSOT 
ATINE) SNUNHOUTIG 


Af NO 290 N99 ‘ATTN SNONHIETES 


CHES “dd 990) “Aqyny SUDWAIDIT Ue $U02200 —"6L “OL 


[ yoo} eG qnoqe = TOUT T :se[eos [eoNAeA pur [eytoz1.10 Ff | 


iss Sete 
ea! 
+ —— 


‘Asestliay GIFS SINAULS 


"SF VES Lh 
C 6e8 “cl 900) 5) “LOGO, 2UNOPT 07 DAONT DIVA Molf WOIII—* TT 31g 


Vol. 63.] THE CORAL-ROCKS OF BARBADOS. 331 


About a mile north-west of Haynesfield Quarry, near the head of 
Blackman’s Gully, is Blackman’s Quarry or Marl-hole. It is at 
an elevation of about 900 feet. Dipping-beds are here well exposed, 
and (when seen from a little distance) the section appears to consist 
of a series of beds with a general dip at angles of 12° to 20° south- 
eastward. To the west and above the quarry the limestone-beds 
are horizontal; but, as they approach the sides of the gully, they 
gradually slope towards it. This may be a terminal curvature of the 
beds, or may result from the landslips which from time to time have 
taken place in and near the quarry. On the western side of the 
gully the beds, which everywhere consist of granular to marly lime- 
stone-débris, dip east-north-eastward at angles of from 15° to 17°, 
and lie on others sloping at 11° in the same direction. Near the 
bottom of the gully the upper beds seen dip 12° south-eastward, and 
are underlain by others which dip from 20° to 22° in the same 
direction. Near by, below the road crossing the head of the gully, 
the beds slope at 20° to the east-south-east. On the eastern side 
of the gully are beds dipping at 18° eastward, succeeded by 
others inclined at 27° south-eastward. A little east of the gully 
the dip in these diminishes to 5° in the same direction, while 
farther east the strata are horizontal. (See fig. 12, p. 330). 


The thickness of coral-rock is shown in the wells near Dukes to be 
about 170 feet; in the well at Haynesfield, sunk from a somewhat 
lower level than the bottom of the quarry, there are 140 feet of 
coral-rock ; while the wells near Blackman’s, at a somewhat lower 
elevation than the floor of the upper part of the gully, are about 
180 feet deep. Hence these inclined beds, which might be held as 
being somewhat in conformity with Prof. Spencer’s theory, in 
place of occurring (as that theory requires) near the base of the 
limestone-succession, are relatively high in it. 

At Mount-Wilton Hill, at an elevation of about 1000 feet 


Fig. 13.—Section at Mount-Wilton Hill (altitude = 1000 feet). 
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in a road-cutting, beds about 4 feet thick are exposed, dipping at 
6° or 8° south-south-eastward and lying upon others inclined at 
2° to the south. 

It is clearly evident that the beds showing considerable angles of 
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dip in the 800- to 1100-foot plateau-district are current- or false- — 
bedded, and are such as would naturally occur at places on, or near 
to, the escarpments of a rising coral-island. 


A long series of exposures was followed from Castle Grant in a 
north-westerly direction to the north-west of Mount Misery, a 
distance, as the crow flies, of about 3 miles. 

From Little Island and Castle Grant to Niccolls the limestone- 
beds are practically horizontal. The limestone of the long low 
cliff, which extends in a north-westerly direction from Niccolls to 
Chimborazo, a distance of about three-quarters of a mile, dips at 
about 3° eastward near Niccolls, while for a short distance not 
far to the west of that place it has a local dip of 18° north-eastward. 
From here to a little west of Sugar Hill the inclination of the 
beds is, for a short distance, at a low angle of about 2° to the east, 
changing to one of a similar angle to the west-south-west. West 
of Sugar Hill the inclination becomes one of about 3° east-south- 
eastward. A long syncelinal curve extends from near here to 
Chimborazo, the beds dipping west-north-westward in its eastern 
part, lying almost horizontally towards the middle, and dipping 
east-south-eastward in the north-western part of the section: the 
angles of inclination not anywhere exceeding 2° to 3°. The small 
limestone-plateau, upon which Chimborazo House is situated at an 
elevation of 1100 feet, lies on the upper red clays of the Oceanic 
Series and dips south-eastward at 4°. Between Chimborazo House 
and Canefield the limestone-beds are nearly horizontal, or dip 
southward at low angles of from 1° to 2°. 

North-east of Canefield is another example of current-bedding, 
beds dipping at from 2° to 3° south-eastward lying below others 
which slope south-westward at 10°. 

At Mount Misery, a little to the north-west of Canefield, the 
limestone, which there is not more than 20 feet thick, is seen at 
an elevation of about 1070 feet lying upon an eroded surface of 
Oceanic red clay which dips south-eastward at 27°. The mass of 
the coral-rock slopes to the east-south-east at about 4°. On the 
northern side of the hill the coral-rock slopes to the south-south- 
west at angles of from 4° to 5°, while on the eastern face the bedding 
is apparently at an angle of 9° south-south-eastward ; but this part 
of Mount Misery is a slipped mass, and the considerable south-easterly 
dip does not represent the original position of the limestone-beds. 

The limestone-beds appear everywhere on the 800- to 1100-foot 
plateaus to lie practically horizontal, except in the places that I 
have indicated, and none of these supplies evidence of the existence 
of a widespread formation inclined at angles of from 12° to 20° 
south-eastward. 


The South-Western District. 


There are few indications of dipping-beds in the road-cuttings 
from St. John’s Church to near Bridgetown. The only well-marked 
beds of the kind that I saw are to the east of Locust Hall, at about 
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500 feet above the sea, where there are local dips of from 6° to 8° 
eastward. 

J examined carefully a large number of road-cuttings and quarries 
in the south-western parts of the island, at elevations of 200 feet 
and less, from Husbands, about 4 miles north of Bridgetown, to 
Paragon, some 7 miles south-east of that city. 

Over this area in no place did I detect beds in the limestone 
showing well-marked true dips. The mass of the coral-rock is 
everywhere almost horizontal, or shows low dips of 2° to 3° in various 
directions. The only exception that I know to this in the district 
is on the shore, near and to the north of Walmer Lodge, where some 
thin recent beds of consolidated coral-débris and calcareous sand, 
lying between high- and low-water marks, dip at considerable angles 
to the westward. But all over the low area to the west of Waterford 
current-beddings are prevalent. Thin beds of this sort of limestone 
are frequently seen in the road-sections, where weathering has ac- 
centuated their structure, occupying wash-outs, channels, and eroded 
hollows in the coral-rocks. : 

Prof. Spencer states that he found certain corals—Stylophora sp. 
and Astrocenia sp.—which were determined for him by Dr. T. W. 
Vaughan, and are 


‘the same corals as the Oligocene species of Antigua . . . near the Cathedral 
at Bridgetown.’ (Op. jam cit. p. 358.) 


There are not any rocks exposed in the vicinity of the Cathedral, 
but in 1885 a boring was put down about 250 yards to the west of 
it. This showed that the limestone-rocks are there very thin, not 
more than 20 feet in depth, and they rest upon a bed (of unknown 
thickness) of dark sandy clay, with a high proportion of humus and 
containing mollusca of varieties which are now living in the brackish 
water of the swamps that occur in places a little above the sea-level 
north and south of Bridgetown. 

The nearest exposures to the Cathedral are at a distance of about 
500 yards in an easterly direction, and are road-cuttings between 
the grounds of Queen’s House and Queen’s School, and an old marl- 
hole or disused quarry to the east of Combermere School. 

The cuttings and the marl-hole are not far apart, in a knoll at the 
southern end of the low limestone-bank on which Harrison College, 
Queen’s House, Queen’s School, and Combermere School stand. 
These are the exposures near or in which Prof. Spencer claims to 
have found corals of Oligocene age. The beds are horizontal, consist 
of very coarse coralline conglomerate, and are indistinguishable 
from those now in course of formation not far from this place 
along the western coast of the island. I collected specimens of 
two corals which are abundant in the exposures, and these were 
very kindly examined for me by Prof. J. W. Gregory, F.R.S. 
He reported on them as follows :— 


‘Of them there can be no doubt. ‘The first is a fragment of Colpophyillia 
gyrosa, the second is an Orbicella acropora. The Colpophyllia gyrosa, so far as 
I know it, is only found fossil in the Pleistocene, and is a common living West- 
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Indian species. I should not have been surprised, taking into account both its 
condition of preservation and the absolute identity of all the points shown with 
recent forms, if your specimen had been obtained from a living reef. The 
species is found in the newer reefs of Guadeloupe, but not in the old white 
limestone there or in the Oligocene beds of Antigua. 

‘The Orbicella acropora is also a common living West-Indian species. It 
has been recorded fossil from Antigua; for I accepted it as occurring in the 
Antigua Marls (Quart. Journ. Geol. Soc. vol. li, 1895, p. 272) on the evidence 
of Duncan, who recorded the occurrence of his species Astrea barbadensis in 
Antigua; but as he admitted that his Antigua record was based on a very 
worn specimen, I do not think that the evidence of its occurrence in Antigua is 
of any value. 

‘The two corals which you sent me certainly show no evidence of any greater 
age than the Pleistocene.’ 

This evidence, I submit, effectually disposes of the only proof of 
any weight that Prof. Spencer has offered to show that part of the 
Barbados coral-rock succession is of Oligocene age. 


At Chelston, about a mile to the south-east of the Cathedral, 
are some very large quarries on the face of the lowest escarpment, 
in which sections are exposed for about 150 yards, the faces of the 
quarries being in places from 40 to 60 feet in depth. The beds 
consist principally of the common, recent, shallow-water, branching 
corals of the genus Porites, lying in general confusion in coral-rock 
débris. The bedding seen in the quarries is ill-defined, in places 
the dip is at low angles of from 1° to 3° towards the north, in others 
at similar angles in a southerly direction. It was on the slopes of 
this escarpment, and in the Chelston quarries, that the Right Rey. 
Bishop Mitchinson collected many of the numerous varieties of 
mollusca from which the recent age of the lower raised coral-rocks 
has been deduced. 

A large quarry in similar rock is being worked at Codrington, 
2 miles north of Bridgetown. 


I may here place on record the fact that, in the district inside the 
100-foot contour-line to the north-east of Bridgetown, the limestones 
are in places very thin, as, for instance, near the mouth of the Belle 
gully close to the extension of the Bank-Hall road to Welches, and 
in the bottom of the Waterford gully, north of the estate-works, 
where there are signs of the existence of small inliers of the Oceanic 
Beds. 

In the numerous road-cuttings and quarries which I examined to 
the north and north-east of Bridgetown I found no evidence of high 
dips, the beds either being generally almost horizontal, or showing 
current-bedding on a small scale. Nor could I detect any signs 
of true unconformity between the lowest beds and the upper beds 
which Prof. Spencer has admitted to be recent. 

Where the roads from Bridgetown to the higher parts of the 
island pass through the successive limestone-escarpments, many of 
the deeper cuttings showed at the time of my visit clean, perfectly 
fresh surfaces. It is in the cuttings on the faces of the construc- 
tional escarpments that the beds with abundance of corals, described 
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by Prof. Spencer as ‘ pockets rich in corals’ (op. jam cit. p. 359), 
occur. In these cuttings, no matter whether the terrace-escarp- 
ments which they traverse are at high or at low levels, the corals 
are invariably of the same character, being massive reef-corals 
similar to those at present growing on the outer faces of the sub- 
marine terraces which extend along the southern and western 
coasts of the island. Far from being ‘ pockets’ of corals, these rich 
deposits are the normal formations characteristic of the outer and 
upper slopes of coral-limestone-reefs. 


It is necessary, while studying the structure of raised coral-reefs, 
to bear in mind that the massive reef-corals resist the solvent action 
of percolating waters far better than do the branching corals and the 
mollusca which mainly comprise the fauna of the shallow lagoons, 
bays, and channels lying behind the reefs proper. I obtained very 
plain evidence of the resisting power of the reef-corals in the lime- 
stones at Golden Ridge, about 900 feet above the sea-level. Here 
the reef-corals are seen surrounded and covered by the red decom- 
position-products of the limestone. very trace of branching corals, 
of mollusca, and of calcareous sand has disappeared, but the massive 
reef-corals are still in excellent preservation. 

About 4 miles north of Bridgetown, near the 400-foot contour, I 
detected dipping-beds inclined to the south-east at about 10° in 
Cane-Garden Gully. About a mile eastward, in Jack-in-Box and 
Prout’s Gullies, at an altitude of about 500 feet, dipping-beds also 
occur. At the former place, towards the south-west of the section, 
the upper beds dip at 7° south-south-westward, while the lower 
dip in the same direction at about 3°. At the north of the 
north-eastern part of the section both the upper and the lower beds 
are horizontal, while towards the south the lower beds gradually 
assume an inclination to the south-south-east until they dip at 30°, 
the upper beds remaining practically horizontal. At Prout’s Gully 
on its southern side the upper beds are horizontal, while the lower 
dip north-north-eastward at from 8° to 10°. On the northern side 
the beds everywhere are either horizontal, or slope to the north- 
north-east at 1° or 2°. In numerous other sections in this district 
the limestone lies in the same manner as it does on the northern 
side of Prout’s Gully. 

In a distance of rather less than 2 miles from Cane Garden the 
road traverses the escarpments of the 400-, 600-, 700-, and 800-foot 
terraces. The beds seen are of rubbly limestone, and are practically 
horizontal, although in places signs of current-bedding may be 
detected. In the road-sections near Porey’s Spring, at the base of 
the 800-foot escarpment, the limestone-rocks are seen resting upon 
beds of the Oceanic Series. North of the spring the coral-rocks 
slope at about 2° southward; while, in the sections on the road 
south of the spring, the limestone-beds dip at 3° to 4° south-south- 
westward, and overlie red clays of the Oceanic Series. 
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Summary. 


The results of my extended, and in many places detailed, re- 
examination of the coral-rocks in the southern half of Barbados 
give no support to Prof. Spencer’s theory of the existence of strata 
of the ‘Antigua Formation’ in that island. He claimed to have 
collected fossil corals from a certain knoll, which proved it, and 
other parts of the coral-rocks, to be of Oligocene age; but it is 
now shown that this knoll is in part made up of corals which, as 
stated by Prof. Gregory, 


‘ certainly show no evidence of any greater age than the Pleistocene.’ (P.334.) 


I have failed completely to find any signs of the widespread 
formation described in Prof. Spencer’s paper as extending from 
Mount Misery to near Ragged Point, a distance in a south-easterly 
direction, as the crow flies, of about 11 miles, and dipping south- 
eastward at angles of from 12° to 20°. It is unlikely that I should 
not have detected some traces of a formation which, if dipping 
continuously for 11 miles at a mean angle of 15°, would be about 
15,000 feet thick ; while the facts that nowhere in the island does 
the combined thickness of the limestone and of its basal or Bissex 
Beds exceed 280 feet, and that the limestone is not traversed by 
faults, are fairly-conclusive evidence of the non-existence of such a 
formation. 

I have shown that, wherever beds dipping at considerable angles 
occur in the limestone-strata in the district under discussion, their 
inclination, where not caused by landslips, is due to current- 
action; and, in the latter case, the beds are in positions in which 
the topography and the contour of the island would naturally 
lead us to expect them to be found. 

My recent investigations have completely confirmed and justified 
the statements made and the views expressed on this subject by 
Mr. Jukes-Browne and myself in the paper published in the ‘ Geo- 
logical Magazine’ of December 1902. 


- General Conclusions. 


From the results detailed in this paper, in earlier papers (including 
those by Prof. Gregory), and from observations which I have made 
during short visits to Barbados since I left the island in 1889, I am 
of opinion that four distinct formations are recognizable in Barbados. 
These are, in ascending order :— 

(1) The Lower Scotland Group, which consists of highly- 
contorted and much-faulted clays with septarian and ironstone- 
concretions, sandstones in places calcareous but usually siliceous, 
and coarse conglomerates made up of pebbles of quartz with some 
of felspar. This group probably corresponds to the so-called 
‘Cretaceous’ Series in Trinidad. 

(2) The Upper Scotland Group, consisting principally of a 
great thickness of bluish-grey clay, which contains small quantities of 
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petroleum, and is underlain by highly-bituminous sandstones, clays, 
shales, and grits. These lie unconformably in broad folds upon beds 
belonging to the Lower Scotland Group. The fossils collected from 
them by Mr. G. F. Franks and myself are all of Oligocene species. 

(3) The Oceanic Series. ‘his was described by Mr. Jukes- 
Browne and myself in the Quarterly Journal of this Society for 
May 1892, vol. xlviii, pp. 170-226. The age of the Oceanic Series 
is probably Miocene. 

(4) The Coral-Rock Group, which has been shown to form 
in places a consecutive uninterrupted series, from G'lobigerina-marls 
through foraminiferal rocks (rich in snelileae water forms) and basal 
reef-rocks (free from corals) to true coral-rock. The age of this 
succession probably ranges from the Pliocene through the Pleistocene 
to recent times. The only difference which has been noticed up to 
the present in the molluscan fauna of the older reef-rocks, from that 
of the lowest upraised reefs and the limestone now in course of 
formation, is that some of the shells in the older rocks, although 
belonging to species still existing in the West Indian province, are 
of larger and more robust types. 


EXPLANATION OF PLATE XXIII. 


Geological map of a portion of the Island of Barbados, on the scale of 1 inch 
to the mile; and longitudinal section from Mount Misery to near Bell 
Point on the same horizontal scale. 


Discussion. 


The Prestpenr remarked that, without a personal acquaintance 
with the ground in dispute, it was hardly possible to offer a criticism 
of the paper. They had, of course, still to hear what might be urged 
in defence of the views which had been opposed by the Author; but, 
so far as he could judge, the balance of probabilities seemed to be 
strongly against these views. When the normal mode of formation 
of coral-islands is considered, in which the movements of the crust 
are slow and tranquil and the elevation or subsidence compara- 
tively equable, it appears to be highly improbable that a series of 
disturbances of so serious a kind should have occurred as would be 
required to account for the intercalation of a calcareous member 
with highly-inclined bedding. The speaker thought it much more 
likely that the total thickness of coral-rock in Barbados, as in 
other islands, was not more than 200 or 300 feet, and that the 
supposed formation of some 15,000 feet of tilted strata could be 
satisfactorily explained, as the Author had shown, by landslips 
affecting calcareous accumulations in the deposition of which 
current-bedding had been developed. 


Q. J. G. 8. No. 251. Da 
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21. BracHiopop MorpHotocy: Crncr4é, Evpesza, and the Deve.op- 
MENT of Riss. By 8. 8S. Buckman, F.G.S. (Read June 5th, 


1907, 
[Puate XXTV.] 


Tue test-ornament of Brachiopods is found in three main phases— 
smooth, ribbed, and spinous.’ These three phases are in this 
anagenetic sequence to one another :—in relation to its nearest allies, 
a costate species of a given series is more advanced than a smooth 
one of that series, and a spinose one still further than a costate. 
There are catagenetic developments also in reverse order :—in certain 
Productids the costate stage follows on a spinose: in Acanthothyris 
there are certain cases of the spinose ontogenetic stage being fol- 
lowed by a smooth. If, however, the catagenetic phases be put 
aside for the present, it may be said that the state of external 
ornament—smooth, costate, spinose—indicates the position of a 
brachiopod as more or less advanced than its fellows. 


The present paper is concerned only with two cases of the 
development of the ribbed stage. The passage of the smooth into 
the ribbed stage is not acquired in the same way: there are various 
methods by which similar looking ribbed forms have been evolved 
from similar looking smooth forms. This has a most important 
bearing on their classification. Ifthe phylogenetic history of similar 
ribbed forms is demonstrably different, it is, according to modern 
opinion, a technical error to place them in the same genus, even if 
their interior organization be similar. Ifa given smooth form can 
have developed into one of the ribbed forms but not into the other, 
it is a technical error to unite it with the costate form into which 
it could not develop. A case of this kind calls for discussion now. 

Dall in his ‘Index’ ° says that Cincta, Quenstedt (the Terebratula- 
numismalis-group) is a synonym of Hudesva, King (the T.-cardiwm- 
group).” Now Cincta is in the smooth stage and Hudesia is in the 
costate stage; but, though it would be quite possible for costate 
forms to be developed from the smooth Cincta, yet it is obvious 
that they would not be costate forms of the Eudesia-type. Cincta 
shows the incipient development:of costation ; but the coste that 
it could develop would be of the type which produced opposite 
carination of both valves—a carina in the one valve is opposed by 
a corresponding carina in the other. In Hudesia, however, the 
costz in the two valves are alternate: the carinz of one valve are 
opposed by sulciin the other. Here is a fundamental difference, 
_which prevents the inclusion of Hudesia and Cincta in one genus : 

it shows that they belong to entirely different series. 


i A striate stage is sometimes interposed between the smooth and the ribbed, 


but not always. 

2 Bull. U.S. Nat. Mus. No. 8 (1877) p. 20. 

3 The type of Hudesia is Terebratula orbicularis, Sowerby, not T. cardium, 
Val. (Lamarck) as usually stated in text-books. 
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It may be of interest now to trace the developments which could 
arise from a smooth Cincta on the one hand, and to compare them 
with those which produce the costate Hudesia on the other; for, 
while the smooth Cincta is low down in the one line of development, 
the costate Hudesva is high up in the other. 

The first phase to be dealt with in this connexion may be called 
the lenticular stage. The shell is smooth, and the rounded 
anterior margin gives no evidence of developing either a frontal 
fold or a frontal truncation ; it could develop in either direction. 
Cincta orbicularis (Zieten) may be placed as representative of this 
stage. That in old age it might, like its congeners, develop 
truncation does not affect the argument. In the stage as figured 
by Zieten, it stands as a type of a lenticular shell able to develop 
im various directions. 

The next phase may be called the Cincta-stage, whereof Cincta 
pernummus, sp. nov.’ may be the representative. In this species 
the front margin is rounded in youth, truncate in adolescence, 
incipiently excavate and bilobate in adult, as the growth-lines on 
the specimen show, The incipiently excavate anterior margin makes 
the shell appear as if it had been bound by a ligature from the beak 
over the front. 

The Cincta-stage may develop in two directions: out of broad 
forms would come the quadrifid stage (example Zeilleria quadri- 
jida, Val.); out of narrow forms, the cornute stage (example 
Z. cornuta, Sow.). The former is sufficient for consideration now. 

In the quadrifid stage there is excavation or retardation, not only 
of the front margin, but of the margin between front and sides. 
This produces three excavate areas; and there is quadricarination and 
quadrilobation, the carine running about a third to a half up the 
valves. 

In placing certain species of Zezlleria after species of Cincta it is 
not intended to suggest that those species are the actual descendants 
of Cincta. There are differences about the beak-area and the foramen 
in Zelleria and Oincta which rather forbid the connexion: these 
Zellerie are more probably derived from morphic equivalents of 
Cincta. Itis evident, however, that forms in the quadrifid stage are 
in a higher degree of development, so far as their test is concerned, 
than forms in the Cincta-stage ; and that, to arrive at the quadrifid 
stage, they have passed through a Cincta and a lenticular stage. 

Among the Athyrids of the Spanish Devonian are species showing 
the quadrifid merging into the next developmental stage—for 
instance, Athyris Hzquerra (Verneuil & d’Archiac) and A. Colletti 
(Vern.). 

This next developmental stage may be called the quadri- 
carinate, or trigonellid stage: in it there is complete quadri- 
carination extending the full length of the valves, prior stages having 
disappeared by tachygenesis. The Jurassic example of this stage 
is the shell from the White Jura called by Quenstedt Terebratula 


1 See Appendix, p. 342. 
2A 2 
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trigonella, or Trigonella swevica,’ and by A. dOrbigny Verebratella 
Fleuriausa.? 

It is fairly obvious that this shell is not in genetic connexion 
with the Lias examples of the quadrifid stage ; and yet, though the 
species shows no trace of any prior stage, it is reasonable to conclude 
that the shell must have arrived at the complete quadricarinate 
form by passing through quadrifid and Cincta-stages. 

There is a Muschelkalk shell which is a good example of the 
quadricarinate stage, presenting, too, an interesting case of hetero- 
chronous homceomorphy. It is Tetractinella trigonella (Schlotheim) 
Bittner, which is externally so exactly similar to the White-Jura 
trigonellid that for a long time the two were united under the 
one name Terebratula trigonella, though they were known to come 
from formations so wide apart as the Muschelkalk and the White 
Jura. However, their internal arrangements show much difference 
—the Muschelkalk shell is a spire-bearer, the White-Jura fossil a 
long-looped Terebratuloid. 

There is yet a further stage of development after the quadri- 
carinate : it may be called the multicarinate or pectunculus- 
stage, after its example in the White Jura, Trigonellina pectunculus.* 
In this stage there is multicarination, obtained by the development 
of intermediate caring between the principal carine of the trigonellid 
stage. So Trigonellina pectunculus is really a trigonellid in youth, 
and only attains the true pectwnculus-stage in maturity. In its 
nodose costz, it shows that it is making a beginning towards the 
spinose stage. 


The names given to the various stages refer only to the form and 
ornament of the valves: they have nothing to do with the loop. 
It will be seen, however, that Cincta is a simple form so far as shell 
goes, and that out of such a form there is a whole series of possible 
developments. Yet Cuincta, which is comparatively primitive in 
shell-form, has a somewhat: advanced loop: this is in the dallini- 
form stage. On the other hand, Trigonellina, which is two stages 
in advance of Crncta, so far as shell-form goes, is two stages behind 
Cincta in its loop: that is in the muehlfeldtiform stage. The fact 
that J. pectunculus has been referred to the genera Terebratella, 
Megerlia = Muehlfeldtia, and [smenia, shows that its loop is of an 
earlier type than that of Cincta. 


It is interesting to see how very different is the development, 
and the association of characters in the genus Hudesia. In Hudesia 
there is a highly-developed multicarinate stage—the carine being 
so numerous as to make the term multicostx more appropriate ; 
but all these caring are alternate, not opposite. Hudesia therefore, 
by its shell-form is higher than Concta, in a way even higher than 


1 ‘ Petrefaktenkunde Deutschlands’ vol. ii (1868) ‘Die Brachiopoden ’ p. 25. 
2 «Prodrome de Paléontologie’ vol. ii (1850) p. 25. 
2 See Appendix, p. 342. 
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the pectunculus or opposite multicarinate stage; but it could not be 
developed out of a pectunculus-stage, because of this difference in 
ribbing. Further, the loop forbids connexion with Cincta; for 
though Hudesia when adult has a similar dalliniform loop, yet when 
young, asin Hudesia furcata, it has an ismeniform loop. Beecher? 
ealls this form Jsmenia furcata ; but it is really a young Eudesia 
retaining the ismeniform loop into the multicostate stage. So 
Eudesia, even in extreme youth, has reached a much higher stage 
of shell-development than adult Cincta ; but it retains in youth a 
more primitive loop. 

The multicostate stage—that is, Hudesia—is arrived at by 
constant intercalation of additional coste. Elimination of these, 
for which /labellothyris is a guide, indicates what the preceding 
stage would be: namely, a pectunculoid or alternate-multicarinate 
stage. ; 

Ismenia pectunculoides is the example of this stage; and its loop 
conforms with that of the young Hudesia. The pectunculoid stage 
would be about equivalent to the quadricarinate stage, only the 
former is the stage with alternate carination, the latter with oppo- 
site carination. 

Prior stages to the pectunculoid—stages passing from unicarination 
to incipient quinquecarination—may be seen in the fossils figured by 
Deslongchamps as Megerlea Muniert of the Fullers’ Earth?; and 
unicarination with suggestion of tricarination in his Jsmenia 
Murchisone of the Inferior Oolite.2 But Hudesia had, probably, 
branched off from Jsmenia in Inferior-Oolite times, for Deslong- 
champs figures a Hudesia-like species as Megerlea Bessina in the 
Inferior Oolite: this form, however, shows the nodose cost of 
Flabellothyris.* 


As an example of the incipient uniplicate stage Terebratula 
Whitakert, Dav. may be given. It shows that upraising of the 
anterior margin, which would in time, by tachygenesis, produce 
the conspicuous dorsal carina of Jsmenia Murchisone. Extreme 
examples of the uniplicate stage, with a conspicuously-elevated 
dorsal carina, are Terebratula Etheridgit, Dav. of the Aalenian of 
Europe, and 7’. euryptycha, Kitchin, of the Oxfordian of Kutch. 

In the series of stages leading up to Hudesia, through which 
Eudesia is supposed to have passed, it will be seen that the median 
dorsal carina remains persistent and undivided ; but, in the making 
of the Biplicate, which also start from a uniplicate stage, a different — 
method is pursued: the dorsal carina is medianly depressed by a ~ 
superimposed dorsal sulcus. Terebratula sella of the Cretaceous 
shows well how this begins. 

Then there are cases of alternate multicostation which may be 


1 «Revision of the Families of Loop-bearing Brachiopoda’ Trans. Conn, 
Acad. vol. ix (1893) pp. 384, 385, &c. & pl. i, fig. E 4. 

2 1874, ‘ Pal. frang.: Terr. Jur. Brach.’ p. 315 & pl. xc. 

3 1885, bid. p. 378 & pl. cviil, figs. 4-7. 

4 1872, Ibid. p. 241 & pl. lxiv, figs. 6-8. 
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compared in their results with that of Hudesia; but they begin in 
another way. Magellania flavescens, Terebratula fimbria, T.plicata, 
and Fimbriothyris, to name certain notable instances, show a 
multicostate stage beginning with a full number of cost directly 
upon a smooth stage. It starts, in old age, as a crinkling of the 
margin; and, in series of shells, may be seen extending further 
and further up the valves (by earlier inheritance), till only a small 
area of the young shell is left smooth, indicative of the original 
smooth lenticular stage. 

With regard to Magellania flavescens, this difference of develop- 
ment is important, because Hall & Clarke speak of Magellania 
numismalis, the present Cincta; but M. flavescens has not come 
through a Cincta-stage, and shows no sign of the anterior retardation 
of the Cincta-type. What it does show a little indication of is 
a uniplicate stage, but reversed as compared with Terebratula 
Whitakeri: that is, it is ventrally, not dorsally plicate. 


APPENDIX. 


The following emendations of nomenclature are necessary :— 
CincTA PERNUMMUS, nom. nov. 


1850. Terebratula numismalis, Davidson (non Valenciennes-Lamarck), Ann. Mag. - 
Nat. Hist. ser. 2, vol. v, p. 486 & pl. xin, fig. 17. 

1862. Terebratula (Waldheimia) numismalis, Deslongchamps (non Valenciennes), 
‘Pal. frang.: Terr. Jur. Brach.’ pl. xiv, fig. 1, p. 83. 

This form differs from Terebratula numismahs, Val. in being so 
very much broader, having a much wider apical angle, and in not being 
more than incipiently truncate until it has reached a much larger 
size. So a distinguishing appellation is desirable. 

There is a cast of Deslongchamps’s figured specimen in the British 
Museum (Natural History) No. B 16768, and this shows that his 
side and front views present the shell too thin, with too acute a 
margin. Davidson’s delineations were from this same specimen of 
the Deslongchamps Collection; and his side view is the more 
correct. 


TRIGONELLINA, gen. nov. 
Type: Terebratula pectunculus (Schlotheim) (Quenstedt). 


Shell-ornament multicarinate, opposite. Loop muehlfeldtiform. 

Distinguished from Muehlfeldtiia, Bayle = Megerlia, King, by the 
multicarination, an angular hinge-line, and a somewhat differently- 
disposed loop ; from Ismenia, King, by ‘the carination being opposite 
and not alternate; from Tri gonella, Quenstedt, by being in a 
higher state of costation, but having a lower-stage loop. 

King, ‘ Perm. Foss.’ (Pal. Soc. Monogr. vol. iii) 1850, cited Tere- 
bratula pectunculus as type of his Ismenia; but this was evidently 
a lapse for 7. pectunculoides, as is shown in his p. 245. 

The want of a satisfactory generic name under which to range 
these Jurassic shells makes it desirable to give the present 
denomination. 


Uniplicate 
Stage. 


Cineta- 
Stage. 


Lenticular 
Stage. 


Lenticular 
Stage. 


thel Buckman del, 


) 


T 


ae fay me Se a g5 cs — 2 a Pa a 
as aia ; ‘ Unicarinate ‘ 
ulticarinate Quinquecarinate (incipiently tricarinate) Uniplicate Lenticular 
Stage. : 


. Stage. Stage. Stage. Stage. 
— I) 
4 
4 5. 
Ts ~ 
a E 
g g 
m2 ci 
3 is! 
ae 2 
5 il a 
eo os 
5B A 12 
eet % 
hac) 
ee 12) 
Ss 
ae) 
=} 
gS N 
ie} 
0 
qf 
io 
n 
4H 
q 
iz 
al 
is : 
S = 
Ay 
ce) 
| 
ss 
a 
a 3 
+ 
ic a2) 
fo} 
ee 
| ° 
re i] 
a 8 
<q ‘S 
x € 
‘eG 
os 
12) 
5 
a 
2 
Multicarinate Quadricarinate “5, ee Ee eS Quadrifid) ee oe he Cincta- Lenticular 


Stage. Stage. Stage. Stage. Stage. 


Vol. 63.] MR.S.S. BUCKMAN ON BRACHIOPOD MORPHOLOGY. 343 


EXPLANATION OF PLATE XXIV. 


TABLE OF DEVELOPMENTAL STAGES OF TEST, 


[The Table is not intended to indicate genetic series, or geological sequence, 
only sequences of developmental phases of test-ornament, in the one case subse- 
quent to Cincta, in the other case prior to Hudesia. All the figures are of the 
natural size, except where otherwise stated. | 


Lenticular Stage. 
Fig. 1. Gee orbicularis (Ziet.) after Zieten (Terebratula orbicularis). 


CARINATION OPPOSITE. 
Cincta-Stage. 


Fig. 2. Cincta pernummus, nom. nov., after Deslongchamps (Terebratula numis- 
malis). 
Quadrifid Stage. 
Fig. 3, Zeilleria subquadrifida (Oppel). 
4. Zeilleria quadrifida (Val.). 4a=dorsal and 44 = ventral views, to 
show opposition of carine. 
5. Zeilleria cf. quadrifida (Val.). 
[ Figs. 3-5 after Deslongchamps (Terebratula quadrifida).| 


Quadricarinate Stage. 
Fig. 6. Trigonella Hlewriausa (PO chien y), after Quenstedt (Terebratula 
trigonella). 
Multicarinate Stage. 
Fig. 7. Trigonellina pectunculus (Schloth.), after Quenstedt ( Terebratula pectun- 
culus). 
CARINATION ALTERNATE. 
Uniplicate Stage. 
Fig. 8. Terebratula Whitakeri, Day., after Davidson. 8a, dorsal view ; 
84, anterior view, showing uniplication. 
Unicarinate Stage. 
Fig. 9. Zsmenia Murchisone, Desl., after Deslongchamps’s enlarged figure. 


Quinquecarinate Stage. 
Fig. 10. Lsmenia Munieri (Desl.), after Deslongchamps’s enlarged figure 
(Megerlea Munier?). 
11. Lsmenia pectuneuloides (Schlotheim), after Quenstedt (Zerebratula 
pectunculoides). 


Multicarinate Stage. 


Fig. 12. Flabellothyris flabellum (Defrance), after Davidson’s enlarged figure 
( Terebratula flabellum). 
13. Hudesia orbicularis (Sowerby), after Davidson (Terebratula cardium). 
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22. The Constitution of the Interior of the EARTH, as REVEALED 
by HartHquaKkes: (SeconD Communication). Some New Licur 
on the Oriein of the Oczans. By RicnHarp Dixon OxpHan, 
F.G.S. (Read June 19th, 1907.) 


THE origin of the great oceanic basins has been the subject of 
numerous speculations, more or less plausible, but none convincing : 
for the reason that we have no knowledge as to whether these de- 
pressions are mere surface-phenomena, or whether they are accom- 
panied by, and related to, differences in the constitution of the 
interior of the earth beneath them. It is known that the attraction 
of gravity is, aS a rule, greater at island-stations than on the con- 
tinents, and that the plumb-line at coast-stations is frequently 
deflected towards the sea; but these facts do not help, for they are 
easily explicable by differences which may be regarded as superficial, 
seeing that they need not extend to a depth of even as much as 
one hundredth of the earth’s radius. As regards greater depths, 
mathematical deductions can help us but little, for any deductions 
drawn in this way are subject to the logical objection that, while 
showing the possibility of one explanation of known facts, they do 
not exclude the possibility of some other. Direct or positive evidence 
is therefore desirable, and this I propose to offer: not indeed 
amounting to proof, but still strong enough to merit serious con- 
sideration, that the ocean-basins of the Northern Atlantic and 
Northern Pacific are not mere surface-departures from the perfect 
spheroid, but are accompanied by differences in the constitution of 
the matter underlying them, which extend to a considerable portion 
of the whole radius of the earth. 


In a previous communication’ I showed that the study of the 
rate of transmission of earthquake-waves enabled us to reach some 
positive conclusions regarding the constitution of the interior of 
the earth. - In that paper only the constitution of the earth as a 
whole came into consideration, and only average values for all the 
available earthquakes were dealt with; this method is no longer 
permissible when the detection of variations from the average is 
aimed at, and it will be necessary to compare the rates of propa- 
gation along different wave-paths with each other. The investi- 
gation has been much simplified, and practically made possible, by 
the fact that in 1906 there were two great earthquakes, both of 
which were large enough to give very complete records at distant 
stations; both of which originated at about the same distance 
from the group of seismological stations in Western Europe, but 
in such positions that the wave-paths differed radically in type. 
From the San Francisco earthquake of April 18th the wave-paths 
ran under the continent of North America, crossed the Northern 
Atlantic not far south of Iceland, and approached the obser- 
vatories from the north-west. Almost the whole of the course of 


1 Quart. Journ. Geol. Soe. vol. xii (1906) pp. 456-73. 
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these wave-paths ran under continents or the continental shelf, 
so that they may be regarded as essentially continental. From 
the origin of the Colombian earthquake of January 31st the wave- 
paths ran under the north-western corner of South America and 
the Antilles, and then crossed the broadest and deepest part of the 
North Atlantic basin, being as essentially oceanic as those from San 
Francisco were continental. 

Time and place of origin of the latter earthquake are both 
known with great accuracy, unfortunately the same cannot be said 
of the Colombian one; this certainly originated under the sea, 
and, as the greatest destruction seems to have taken place at 
Esmeraida, we may assume the centre as somewhere about 79° long. 
W., and 2° lat. N. Seeing that the origin was probably quite as 
extended as that of San Francisco, which is known to have had a 
length of over 200 miles, this assumption is sufficiently near the 
truth ; the time is not known with accuracy from direct obser- 
vation, and though it may be approximately determined from the 
distant records of the earthquake, this cannot, justifiably, be used 
for deducing absolute values for the rate of propagation. Although 
oo comparison of the absolute rates of propagation of these two 
earthquakes is possible, the relative rates of propagation of the first 
and second phases in each case may be compared one with the 
other ; for, these two phases being due to wave-motion of different 
kinds, propagated at different rates, it is evident that any difference 
in the length of the interval between the arrival of the one and 
of the other will indicate a difference in the relative rates of 
propagation. : 

The data at my disposal are summarized in the tabular statement 
appended to this paper (Table II, pp. 348-49), and from this a 
briefer and more manageable table may be compiled, of the in- 
tervals at those stations where good records of both earthquakes 
are available :— 


TABLE I, 


DisTANCES AND INTERVALS BETWEEN First anD SECOND PHASES OF THE 
CALIFORNIAN AND CoLOMBIAN EARTHQUAKES OF 1906. 


California. Colombia. Difference 

corrected for 
Station. Z | Distance : 
Distance:| Interval :| Distance :| Interval :; Minutes. 


Degrees. | Minutes.| Degrees. | Minutes. 


Bidstonsa eee Lars, 10-4 80 3 +04 
Shidé . 2.430...) aoe i Oe 99 81 lO +17 
Leipzig, Saaecest ae Maasibie Mire) 10°8 82 14 4 +02 
Strassbute-. 21. -enceres 83 10-4 Soe het Bl +0°9 
(Laibach. eee 88 9-5 91 10°7 +09 
Quarto 2... eee | 89 LOY 91 RIS +0°6 
Catania eee els bes 2h yeas +0°5 


a 


Mean cee 84 10-4 86 | 14 +0°8 
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From the foregoing table it will be seen that the intervals are 
distinctly greater in the case of the Colombian earthquake and 
oceanic wave-paths, the mean difference being 1:0 minute in time 
for an excess of only 2° in distance; as the time-interval increases 
by almost exactly 0:1 minute per degree at about 90° from the 
origin, the observed difference is 5 times as great as that which 
would be due to the increased distance if the rate of transmission 
had been the same in each case, and the excess (being about 7 per 
cent. of the whole interval) is greater than can be accounted for 
by errors of record or interpretation of the seismograms. In other 
words, the substance through which these waves of the Colombian 
earthquake travelled transmitted the second phase at a slower rate 
—as compared with the rate of transmission of the first phase— 
than that traversed by the corresponding waves of the San Francisco 
earthquake. 

It may be a mere accident that the wave-paths in the one case 
lie under a continental and.in the other case under an oceanic area, 
but the coincidence is certainly noteworthy and suggestive, and the 
notion that it is not merely accidental derives some support from 
the Japanese records of the San Francisco earthquake. According 
to Prof. Omori the mean interval derived from the records of four 
distinct stations in Japan was 9:7 minutes for a mean distance of 
75°, the wave-paths running under the Northern Pacific and being, 
therefore, oceanic. The European records of the earthquakes of 
Japan, August 9th, 1901, and Assam, June 12th, 1906, give mean 
intervals of 10°6 minutes for a mean distance of 83°3° in the first 
case, and 8-3 minutes for a mean distance of 64°2° in the second, 
from which we may deduce an interval of about 9:4 minutes for a 
distance of 75° when the wave-paths lie under the continents of 
Asia and Europe. The interval as deduced from the average-curves 
on p. 462, vol. lxii (1906) of this Journal, which are practically 
based on continental wave-paths only, is 9:0 minutes; so here 
again we find that the material under the Pacific Ocean transmits 
the second-phase waves at a slower rate, as compared with the first- 
phase waves, than does the material under the Eurasian continent. 

The exact depth to which this difference extends is not, at present, 
determinable with accuracy, but the figures in Table I (p. 345) 
allow us to form an approximate estimate. It will be noticed 
that the distances range from 75° to a little over 90°; now, the 
maximum depth of the chord from the surface is 0°21 of the radius 
for an arc of 75°, and 0:29 for an are of 90°, and the wave-paths 
descend somewhat below the direct line of the chords. We may, 
therefore, take it that the wave-paths under consideration reached a 
maximum depth of from one-quarter to one-third of the radius. A 
consideration of the difference between the intervals for the two 
sbocks at the same station shows that it does not appear to increase 
with an increase of distance, but rather tends to decrease in amount, 
suggesting the conclusion that the deeper wave-paths entered a 
region where there was no difference, or at any rate a smaller 
difference, in the rate of propagation of the two phases. From this 
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we may conclude that the difference, in whatever it consists, does 
not extend to a depth of one-third, but that it does extend to some- 
thing like a quarter of the radius from the surface. 

We may conclude, therefore, that there is good ground for 
supposing that the oceanic basins and continental elevations are 
not merely irregularities of surface-form, but are accompanied by, 
and probably related to, differences in the constitution of the sub- 
stance beneath them which extend inwards to a distance of about 
one-quarter of the radius. It is not possible to state exactly the 
nature of this difference, beyond that it is such as to cause a slowing- 
down of the rate of propagation of the second-phase waves under 
the oceans. 

More data are required before these conclusions can be posi- 
tively accepted ; but, if not amounting to proof, the evidence is too 
strong to be ignored, and its confirmation or refutation must depend 
on the accident of the occurrence of great earthquakes originating 
at suitably situated localities. 


APPENDIX. 


Data utilized in the foregoing Paper. 


The following table (I1) embodies the data utilized in the paper. 

Each line refers to the record of a distinct instrument or 
pendulum. 

The first column gives the name of the station. 

The second column indicates the nature of the instrument. 
These are classified into types, irrespective of variations in detail, 
of construction, represented by letters as under :-— 


M. = Light horizontal pendulum, with photographic registration, of 
the Milne pattern. 
R. = Light horizontal pendulum, with photographic registration, of the 
Rebeur-Paschwitz type. 
H.P. = Heavy horizontal pendulum, with mechanical registration. 
V.P. = Vertical pendulum, with mechanical registration. 
Vert. = Instrument designed for recording the vertical component of the 
motion. 
W. = Inverted astatic pendulum of the Wiechert type. 


In the two groups of three columns referring to the Californian 
and Colombian earthquakes the first column gives the approximate 
distance, in whole degrees, from the origin, while the other two 
give the time of arrival of the first- and second-phase waves. In 
the case of the Californian earthquake they represent minutes after 
132 12™ of April 18th, 1906; in the case of the Colombian earth- 
quake minutes after 15" 36™ of January 31st, 1906; these times 
being those of origin in each case, as near as they are known. 

Figures underlined indicate that the times were determined in 
the observatory on the original record ; the figures not underlined 
represent times determined by myself on copies and, therefore, 
necessarily, of somewhat less accuracy. 


<ees e clitae senna 


[Aug. 1907, 


MR. R. D. OLDHAM ON THE 


348 


L- 02 


ceeeve 


“SaPNuULT 


‘OSDY T P boas 


ce 


3 
66 


(73 


(3 


08 


66 
6c 
(v3 
66 
ce 


6 


(53 


6 
Gr 
§ 


4 


“W 


“Sognuepy 
‘SOY SLUT 


‘saa.tbay 


"sanurpyr 


"SaINULAT 


"2OUDISUT 


‘BIG ULOTOD 


‘asDy puooay 


‘SOUT SLUT 


‘soaaboqy 


“a0ungsuy 


*SIULOsITVO 


_|yuewNIysUy 


eeoecseeree NVA 


oooddusgounT és 

Sone naceorn “ 

bios inte seeiele “ 
Puree sian & 

seine steerer “ 

siete wletatarulereiere 66 

See eeeeiins 6 Sangsse.4g 
Sataaa este Sizd tery 
a6a000 * NVOTL 

ahs 500000000 “ 


>> pees tesvoese 


"pry 
ava ey ojorentieheltva\aiatavereiarn: MOY 


soogauaoa Ysinqurpoy 
ee escccecscesace mO4splq. 


eateries recess forsteg 


“UOTYBYS 


‘TL a18V 


1 


349: 


ORIGIN OF THE OCEANS. 


Vol. 63.] 


eeesse 
eeeee 
eeee 


(-68) 
(1-22) 
EPG 
L¥e 


66 


(73 


73 


66 


6c 


66 


16 


LPI 


eeosee 


oe eee 


96 


iG 


06 


6é 


(1 


6 


66 


66 


88 


66 


eeeree 


(13 


tv ecenee * NVOTAL 


seteae ee 


se esee 66 
. 


vreees wdvg Ip voo00y 


Cre NTU 


eee teen rveeeeee open’) 


soe asia AVA TAT 


eee ere eeeeeeee (79 
i iy . 6 
CO ee . 66 
oe eeeeeee ° 3 

. oeeeeee (a3 
seer ereveseeses 66 


retire eeew she TO CGIGET 


390 THE ORIGIN OF THE OCEANS. [ Aug. 1907, 


Figures enclosed in parentheses represent times which are re- 
garded as doubtful and have, therefore, not been used. 

The data from Strassburg and Laibach have been included, 
although I have not been able to see either originals or copies of the 
seismograms, as these observatories are equipped with a number of 
instruments of different types, serving as a check on each other 
and preventing the mistakes which may easily arise in the inter- 
pretation of isolated records. In every other case I have examined 
either the original or a copy of the seismogram. 


Discussion. 


The CHarrman (Dr. A. Srrawan) expressed his regret at the 
absence of the Author. 

Prof. Sortas commented on the value of the evidence presented 
by the Author, particularly as bearing on the internal consti- 
tution of the earth. The facts suggested an increase of density 
beneath the ocean-basins, and this was in accordance with what 
recent speculations on the form of the earth might lead us to 
expect, especially in the case of the Pacific. For complete con- 
firmation of the Author’s conclusions, however, numerous additional 
observations were required. 


PosTSCRIPT TO THE DISCUSSION. 


[With reference to Prof. Sollas’s remarks, the Author, who was 
unable to be present at the reading of his paper, wishes to point 
out that, while an increase of density would account for an increase 
in the interval between the arrival of the first- and second-phase 
waves, it would do so by a lessening of the rate of propagation, 
of which there is no evidence, of the first-phase, as well as the 
second-phase, waves; apart from a difference in composition, the 
most probable explanation seems to be an increased temperature 
under the oceans. He is in perfect agreement with Prof. Sollas as 
to the necessity for further observations; but, in the meanwhile, 
he regards those referred to in his paper as having transferred 
the burden of proof to the hypotheses which treat the ocean-basins 
as mere irregularities of outward form of the earth.—A. D. O., 
July 20th, 1907. | 
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23. The Swanska Earruauake of June 277TH, 1906. By Cuartzs 
Davison, Sc.D., F.G.S. (Read June 19th, 1907.) 


[Prats XXV—Map. | 


IL. InrropvuctTion. 


Loca earthquakes in the mining districts of South Wales are not 
uncommon. They are probably due to slight fault-slips precipitated 
by mining operations, and, if so, are partly of artificial origin.’ 
True tectonic earthquakes are of less frequent occurrence, and 
none, I believe, is recorded from December 30th and 31st, 1832, 
until June 27th, 1906, when one of the strongest shocks of the 
last twenty years disturbed all Wales, the West of England, and 
the south-eastern corner of Ireland. 

Besides this earthquake, which occurred at 9.45 a.m., several 
others of less intensity are reported on the authority of single 
observers; but, in the absence of corroborative records, they should, 
I think, be regarded as of doubtful seismic origin. They occurred 
at the following times :— 


June 26th, about 8 p.m.: Aberavon.—A slight shock. 

June 26th, about 11.30 p.m.: Ferryside.—An unusual sound was heard, as if 
coming from the earth. 

June 27th, about 12.45 a.m.: Ferryside-—The same. 

June 27th, about 1 a.m.: Aberavon.—A slight shock. ; 

June 27th, about 2 a.m.: Liandeilo.—A_ slight shock, with a rumbling noise 
like thunder. 


1 ¢On Harth-Shakes in Mining Districts’ Geol. Mag. dec. 5, vol. ii (1905) 
pp. 219-23. | ; 

2 In studying this important earthguake, I have relied as usual on the 
courteous assistance of many observers and correspondents. I am indebted to 
Prof. John Milne, F.R.8., for a valuable series of newspaper-cuttings relating 
to the earthquake ; to Mr. J. Lomas, F.G.S., Dr. H. R. Mill, and Dr. W. N, 
Shaw, F.R.S., Director of the Meteorological Office, for accounts received by 
them from different parts of the disturbed area; and to Dr. A. Strahan, F.R.S., 
for information as to the geology of the epicentral area. Mr. L. Lindsay, 
Chief Constable, of Canton, Cardiff, communicated more than fifty descriptions 
by officers under his command. For many records, I also beg to thank 
Captain J. E. Acland, J.P., of Dorchester; Miss Benger, head-mistress of the 
Hich School for Girls, Swansea; Mr. J. Burnell, of Bampton; Mr. G. Child, 
B.Se., head-master of the Higher Grade School, Ferndale ; Dr. J. Howells, of 
Bridgend; Dr. J. D. Jenkins, of Pentre, Rhondda; Mr. Walter Lewis, Hon, 
Secretary, and the Council of the Royal Institution of South Wales, Swansea ; 
and Dr. M. T. Ritchings and Mr. Iltid EH. Thomas, of Swansea. Mr. J. P. 
Gibbon, of North’s Navigation Collieries, Maesteg, and the Secretary of the 
Ocean Collieries Co., Ltd., Treorchy, made numerous enquiries among the 
miners employed by them, which have added considerably to our knowledge of 
the nature of the earthquake in mines. To the courtesy of the editors of ‘The 
Times,’ the ‘South Wales Daily News’ and the ‘Western Mail’ (Cardiff), the 
‘Western Morning News’ (Plymouth), and many other newspapers, in 
publishing my letters of enquiry, I am indebted for many valuable accounts, 
The expenses of the investigation were defrayed from a grant received from thé 
Government Research-Fund. 
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June 27th, about 8.15 am.: Ferryside.—A shock accompanied by a 
heavy thud. 

June 27th, 10.14 a.m.: Ystalyfera.—A very slight shock. 

June 28th, 2.5 a.m.: Lower Cwmtyrch (Swansea Valley).—A slight shock. 

June 30th, 11.380 p.m.: Neath.—A slight shock. 

October 9th, 3.15 p.m.: between Pontardulais and Llanedy.—Two prolonged 
sounds, separated by an interval of 2 minutes, and resembling distant 
thunder, were heard; with each a slight tremor was felt, as if a light 
vehicle were passing on the road. A similar sound was heard in the 
afternoon of this day at Gowerton. 


I]. Tue Eartuevake or JUNE 277H, 9.45 a.m. 


Intensity, 8; centre of isoseismal 8 in lat. 51° 38:0’ N., long. 4° 0:3’ W 
Number of records, 1168, from 607 places, and 89 negative records from 
84 places. 


Time of Occurrence. 


Excluding approximate estimates of the time of occurrence, the 
total number of such records is 651, of which 108 are regarded by 
their observers as being accurate to the nearest minute. Taking 
account of the latter group of records only, the average of 21 records 
from places within the isoseismal 8 is 9" 45:2" a.m., and of 87 
records from places outside this isoseismal 9" 45:6". ‘The time at 
the origin may, therefore, be taken as 9° 45™. 


Tsoseismal Lines and Disturbed Area. 


On the map of the earthquake (Pl. XXV) are drawn six 
isoseismal lines, corresponding to intensities 8 to 3 of the Rossi- 
Forel scale. These are represented by continuous lines, broken in 
the portions where their course is doubtful. 

The isoseismal 8 is an elongated ellipse, 263 miles long, 14 miles 
wide, and 299 square miles in area, the longer axis being directed 
E. 5° N. and W. 5° S. The centre of the curve lies about 3 miles 
west of Swansea, in lat. 51° 38:0’ N., long. 4° 0°3' W. Damage to 
buildings, chiefly the fall of chimneys, is reported from 40 towns 
and villages within the isoseismal line.’ 

~The southern half of the isoseismal 7 traverses the Bristol 
Channel, but the trend of the curve just before leaving land and 
the close approach to intensity 7 at several places in North Devon 
show that the course of this portion as drawn on the map cannot err 
greatly from its true position. The isoseismal is 62 miles long, 
43 miles wide, and 2120 square miles in area. Its distance from the 
isoseismal 8 is 12 miles on the north side and 17 miles on the south, 
13. miles on the west side and 23 miles on the east. The inequality 
between the former pair of figures indicates that the originating 
fault hades towards the south, while that between the latter pair 


1 The extent of the injury to property does not come within the range of 
this paper, but it may be noticed that the number of chimneys thrown down 
or damaged must amount to several hundred. At Swansea, the number is 
estimated at not less than 120, at Neath 30, ete. ‘Two men in Swansea 
received scalp-wounds from falling bricks. 
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implies the existence of a secondary focus lying to the east of the 
principal focus near Swansea. 

The isoseismal 6 is 117 miles long from east to west, 79 miles 
wide, contains 6700 square miles, and is separated from the 
isoseismal 7 by 16 miles on the north side and 21 miles on the 
south. The isoseismal 5 is 163 miles long from east to west, 130 
miles wide, and 16,600 square miles in area. Its distance from the 
isoseismal 6 is 32 miles on the north side and 19 miles on the south. 
The isoseismal 4 is 237 miles long from east to west, 203 miles 
wide, and contains 37,800 square miles. On the north side it is 
42 miles from the isoseismal 5, and on the south side 31 miles. 
The last isoseismal, of intensity 3, is 303 miles long from east to 
west, 274 miles wide, and 66,700 square miles in area. Its 
distance from the isoseismal 4 is 45 miles towards the north and 
26 miles towards the south; but, in the latter direction, the curve 
may be inaccurately drawn, Penzance being the southernmost place 
of observation. 

Outside the last-mentioned isoseismal are three places from which 
I have received reports, namely, Termonfechin (near Drogheda, 
Co. Louth), 20 miles north-west of the curve, and Harrogate and 
Wakefield, which are 31 and 14 miles respectively to the north-east. 
It is not impossible that the shock should have been perceived by 
persons at rest in upper storeys ; but, owing to the great distance 
and to the isolation of these places, the disturbed area of the 
earthquake should, I think, be regarded as bounded by the isoseismal 
3, and therefore as containing 66,700 square miles. 

During the last twenty years, there have been three earthquakes 
of the same order of intensity as the Swansea earthquake. Of 
these, the Hereford earthquake of 1896 occupies the first place, 
both in the amount of damage to property and in the extent of its 
disturbed area, which, as bounded by the isoseismal 4, was not 
less than 98,000 square miles. The Pembroke earthquakes of 
1892 and 1893 disturbed areas of 44,860 and 63,600 square 
miles respectively, but neither was sufficiently strong to cause 
any appreciable injury to buildings. With the exception of 
the Hereford earthquake, the Swansea earthquake was therefore 
the strongest felt in this country for more than twenty years. 


Nature of the Shock. 


To most observers, the shock appeared to consist of a single 
series of vibrations, gradually increasing in intensity and then 
dying away. Others, however, noticed two distinct parts, differing 
considerably in strength, and separated by a brief interval of rest 
and quiet. The mean duration of this interval is almost constant, 
being 2°2 seconds within the isoseismal 8, and 2°1, 2:0, and 2°3 
seconds between successive pairs of isoseismals. The mean duration 
of the interval within the isoseismal 5 was 2°71 seconds, or the same 
as that observed during the Derby earthquake of 1904. 
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In the Derby earthquake of 1903, the two parts of the shock 
were nearly equal in strength, and both were perceived throughout 
the whole disturbed area and by two out of every three observers. 
In the Swansea earthquake, on the other hand, only 14 per cent. 
of the observers within the isoseismal 8, and 16 per cent. of those 
within the isoseismal 5, that is, only one out of every six or seven, 
detected the twin-character of the shock. It is clear also that it 
was the weaker part of the shock, and not the discontinuity of the 
vibrations, that escaped observation, for the mean duration of the 
shock within the isoseismal 5 was 6:1 seconds according to those 
who observed two distinct parts, and 3°7 seconds according to 
those who noticed only one. 

The relative intensity of the two parts of the shock is recorded 
by 76 observers, of whom 12 regarded the first part as the stronger, 
and 58 the second, while 6 considered them as approximately equal 
in strength. The places at which the first part seemed the 
stronger are grouped within an oval area, lying to the east of the 
isoseismal 8, 23 miles long from east to west, and 22 miles wide. 
Outside this area, the boundary of which is indicated by the broken 
line in the map on p. 354, the second part was stronger than the first. 
From this law of variation in the relative intensity, it follows that 
a secondary focus must be situated not far from the western 
boundary of the oval area, the greater intensity of the first part of 
the shock within this area being due to its proximity to the 
secondary focus; and, moreover, that the corresponding impulse 
was weaker than that within the Swansea focus, and took place a 
few seconds earlier. The interval between the two impulses was, 
however, so long that the vibrations from the eastern focus were 
felt everywhere before those from the Swansea focus. 

The uniform precedence of the vibrations from the minor focus is 
of service in determining the boundary of the area over which the 
twin-shock was perceptible. If the stronger part of the shock had 
been the earlier in one region, and the weaker part in another, 
the weaker part would be more readily felt when it occurred after 
the stronger, and thus the curve bounding the twin-shock area 
would not be an isoseismal line of the weaker series of vibrations. 
In the case of the Swansea earthquake, this difficulty is avoided, 
aud the broken-and-dotted line on the map (Pl. XXYV) may be 
regarded as the curve at which the weaker part of the shock ceased 
to be perceptible under ordinary conditions. This curve, it will be 
seen, coincides roughly with the isoseismal 5 towards the north, 
east, and south; but, towards the west it falls short of the 
isoseismal 5 by 27 miles. It is 135 miles long from east to west, 
127 miles wide, and contains 13,500 square miles. Its centre is 
situated about 5 miles north-east of Maesteg and 20 miles east of 
the centre of the isoseismal 8. Owing to the size of the area 
disturbed by the weaker part of the shook, this point may be distant 
several miles from the epicentre of the weaker focus. 


abe 
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Instrumental Records. 


The seismographic records of the earthquake do not add to our 
knowledge of its nature. It was recorded at 9° 45:0™ a.m. by Milne 
horizontal pendulums at Shide and Bidston, which are 135 and 
130 miles respectively from the principal epicentre. At Shide, 
the maximum amplitude was 0°2 millimetre and the duration of 
the disturbance 3 minutes ; at Bidston, the maximum amplitude 
was 0°5 mm. and the duration 6°8 minutes. The register of the 
Omori horizontal pendulum at Birmingham, which is 110 miles 
from the principal epicentre, shows with the aid of the lens a 
series of minute waves or rather serrations, lasting for about 
a quarter of a minute. At Newport (Mon.), 45 miles east of the 
epicentre, the pressure-gauges at the gas-works recorded the earth- 
quake-vibrations at about 9.50 a.m. (the time not being exact 
within a few minutes), similar marks being also made on the 
barograph and thermograph charts. Lastly, mm London (in 
Finsbury Square, E.C.), 170 miles east of the epicentre, a piece 
of magnetite suspended by a fine wire in a glass case oscillated 
distinctly about 9.45 a.m. 


Sound-Area. 


Towards the south and east, the boundary of the: sound-area. 
cannot be distinguished from the isoseismal 4, and the two curves 
probably coincide approximately towards the west. The boundary 
of the sound-area, however, extends about 15 miles north of the 
isoseismal 4+ (as shown by the dotted line in Pl. XXV), and. 
thus the length of the sound-area is about 237 miles from east to 
west, its width 218 miles, and it covers about 40,600 square miles. 

For a considerable distance from the epicentre, the sound was 
heard by nearly all observers, the percentage of audibility being 
97 within the isoseismal 8, 90 between the isoseismals 8 and 7, 
and 92 between the isoseismals 7 and 6. Beyond the isoseismal 6,. 
the intensity of the sound diminished somewhat rapidly, being 75 
between the isoseismals 6 and 5, 60 between the isoseismals 5 and 
4, and 25 between the latter isoseismal and the boundary of the 
sound-area. Throughout the whole of this area, 85 per cent. of 
the observers heard the earthquake-sound. 

The uniformly-high percentage of audibility in the region sur- 
rounding the epicentres, from which alone numerous observations 
are forthcoming, renders it impossible to construct the isacoustic: 
lines of the earthquake. From the distribution of the perceptible 
variations in audibility-percentage, it is clear, however, that the 
isacoustic lines do not present those marked distortions outwards. 
which are noticeable when the two parts of the shock coalesce 
along a synkinetic band." 


1 As, for example, in the Derby earthquakes of 1903 & 1904; see Quart.. 
Journ. Geol. Soc. vol. 1x (1904) pl. xix, and vol. 1xi (1905) pl. i. 
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Nature of the Sound. 


The total number of descriptions of the earthquake-sound is 
690. In 47 per cent. of these, the sound is compared with passing 
traction-engines, etc.; in 20 per cent., with thunder; in 7, with 
wind ; in 5, with loads of stones falling; in 7, with the fall of a 
heavy body ; in 13, with explosions; and in 1 per cent., with 
miscellaneous sounds. 

The variation in the nature of the sound with the distance from 
the epicentre is shown in the following table (I), in which the 
figures are percentages of comparison with the different types for 
each of the districts mentioned :— | 
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The chief peculiarity exhibited by this table is the large per- 
centage of comparison with sounds of an explosive character within 
the isoseismal 8, due no doubt to the audibility of the deep crashes 
which usually accompany the strongest vibrations in the neigh- 
bourhood of the origin. At a little distance from the epicentre, 
these crashes soon become inaudible. Thus, with increase of 
distance from the epicentre, there is a rapid decrease in the per- 
centage of reference to sounds of an explosive or abrupt character, 
and a corresponding increase in the percentage of reference to 
sounds of a smooth and monotonous type. 


Time-Relations of the Sound and Shock. 


In Table IT (p. 358) the letters p, c, and f indicate the number 
of records per cent. in which the beginning and end of the sound 
preceded, coincided with, or followed, the corresponding epoch of 
the shock ; the letters g, e, and 7 show the number of records 
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per cent. in which the duration of the sound was greater than, 
equal to, or less than, that of the shock. 


RELATIVE 
BEGINNING. Ewp. DeRcnee 
Tasue II. 

TAG | Oh ah Ge 
WrathimsisoseisimaliS momen: esc se cacnee: 63 | 33| 41|26159/ 15) 53) 42) 5 
Between isoseismals 8 and 7 .............6- 64/31) 5|16/ 65) 19/1 60/37) 3 
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Ks i. Gi ied He OR rer 49 | 22 | 29| 13 42 | 45 | 56/39) 5 

ss i iY ee SRO aaa 39 | 15 | 46 | 20 | 30/50) ... 

Whole sound=area\iciccsevbec sons cesses ee 62 | 28)10/17 | 59) 24)61|35) 4 
Average for strong shocks .................. 66 | 28| 6/15) 47 | 38) 65) 30) 5 


The number of observations on the epoch of maximum intensity 
of the sound and shock is 37. The instant when. the sound 
was loudest preceded that when the shock was strongest in 
30 per cent. of the records, coincided with it in 62, and followed 
it in 8 per cent. 


Observations in Mines. 


That the intensity of an earthquake is much less in mines than 
at the surface has long been known; but, until lately, our know- 
ledge has been based on isolated observations. In the Hereford 
earthquake of 1896, observations were made in seven mines, the 
earthquake being perceived as far as Chasetown, near Walsall, 
54 miles from the epicentre. In the more distant mines, however, 
the shock was imperceptible, and the sound alone was noticed." 
The Derby earthquake of 1903 was observed in thirty-two mines, 
several of them about 20 miles from the epicentre. In the more 
distant mines, the shock as a rule was not felt ; in several, the sound 
appeared to be more overhead than below; and in one mine at 
Swadlincote (20 miles from the centre), the intensity of the sound 
was greater in the lower than in the higher workings.” 

As the district bounded by the isoseismal 7 is one of the most 
important mining districts in Great Britain, I endeavoured to 
obtain further information on these points, and, through the 
courtesy of many managers, engineers, and others, have received 
53 records from 39 pits. These are distributed over an area 


1 «The Hereford Earthquake of December 17th, 1896’ 8vo. Birmingham, 
1899, pp. 278-80. 
2 Quart. Journ. Geol. Soc. vol. lx (1904) pp. 227-28. 
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49 miles long, from Carway (near Kidwelly) on the west to Varteg 
(near Pontypool) on the east, but are chiefly concentrated within 
and near the Rhondda Valleys. 

The observations in this district throw an unexpected light on 
the position of the eastern or secondary focus. In eight pits, lying 
within the area bounded by the dotted line in the map (p. 354), 
the heaving of the floor was distinctly perceived; while, in those 
situated in the surrounding district, the shock was a mere tremor. 
The area in question is 9 miles long from east to west, 8 miles 
wide, and contains about 56 square miles. Its centre is situated in 
lat. 51° 37:9’ N., long. 3° 28-8’ W., or 1 mile west of Llwynypia; 
and 223 miles due east of the centre of the isoseismal 8. As this 
point is close to the centre of the area within which the twin- 
shock was perceptible, and also lies within, and near the western 
margin of, the area in which the first part of the shock was stronger 
than the second, it must coincide nearly with the epicentre of the 
eastern focus. 

Even in collieries close to one of the epicentres, the shock was 
not uniformly felt by all the men underground. It was most 
sensible to those who were sitting at the time, or working at the 
coal-face. It seems to have had but little effect on the roof and 
floor of the workings. According to most of my informants, no falls 
whatever took place in the mines under their charge, although a few 
fragments fell from the roof at Ynysybwl and Ystrad Rhondda, and 
dust rose from the ground at Llwynypia and Ynysybwl.' 

Though the earthquake was observed in mines over an area 
49 miles in length, no mines were more than 19 miles from the 
nearest epicentre; and, even at this distance, the rambling sound 
was accompanied by a distinct tremor. 

The sound observed in the mines differed slightly from that 
heard on the surface. It was compared in 54 per cent. of the 
records with moving vehicles (generally ‘a journey of trams run 
wild’); in 12 per cent., with thunder; in 2, with wind; in 5, with 
falls of the roof in adjoining workings; in 5, with the fall of a 
heavy body; in 17, with explosions or the firing of a blast; and 
in 5 per cent., with miscellaneous sounds. The sound was evidently 
more uniform and monotonous underground than on the surface, 
although the loud explosive crashes which accompany the strongest 
vibrations were occasionally heard. 

In reply to the question whether the sound appeared to travel 
overhead or below, I have received 25 answers, several of which 
are the result of a large number of enquiries. In 6 cases the 
sound seemed to pass overhead, in 13 below, and in 6 to travel 
both above and below or along the workings. The observations 
come from 18 collieries. In 8 of these, within a distance of 5 miles 
from the nearest epicentre, the sound appeared to come from below, 
with one exception when it seemed to travel along the workings. 


* The heavy rock-falls reported in newspapers cannot, I believe, be traced 
directly to the earthquake, some having occurred on the day before the earth- 
quake and others on the day after. 


360 DR. CHARLES DAVISON ON THE [ Aug. 1907, 


In the remainder, situated at 5 miles or more from the nearest 
epicentre, the sound seemed to pass overhead in 5 pits, beneath 
the observer in 3 pits between 8 and 10 miles from the Swansea 
epicentre, and along the workings in 2 pits. The pit most distant 
from either epicentre in which such observations were made is 
Cwmbran, near Pontypool, 19 miles from the eastern epicentre. 
At a depth of only 100 yards in this pit, the sound seemed to 
pass over the head of the observer. 

The observations made at different depths in the same pit are 
comparable in three cases only. At Ystrad Rhondda (1 mile from 
the eastern epicentre), the shock was not felt in the upper seams, 
but was strong in the lower seams at depths between 500 and 
700 yards. Also, at Cross Hands (8 miles south of Llandeilo, 
and 11 miles from the Swansea epicentre), the shock was felt only 
in workings below a depth of 280 yards. On the other hand, at 
Nantymoel (5 miles east of Maesteg), the shock is reported to have 
been less severe in the lower seams at depths of 500 and 307 yards 
than in the upper seams at depths of 160 and 232 yards. It is not 
clear how the comparison was made in the last-mentioned case, 
while in the others the inequality is obvious. 

The conclusions to which we are led by a study of the observa- 
tions in mines are as follows :—(1i) the shock and sound were 
observed underground over the same area; (11) in pits not more 
than 5 miles from the nearest epicentre, the sound seemed to pass 
below the workings, in those at a greater distance, as a rule, to 
pass overhead or to travel along the workings, showing, I think, 
that the foci cannot have been more than a few miles below the 
surface; and (ili) there is some, though not decisive, evidence for 
supposing that the shock was felt more severely in the lower than 
in the upper workings of a pit. 


III. Tae Oriein oF THE EARTHQUAKE, 


The elements of ‘the originating fault, as determined by the 
seismic evidence, are:—(i) the mean direction of the fault in 
the neighbourhood of Swansea is E. 5° N. and W. 5°S.; (11) its 
hade in the same district is towards the south; and (111) the fault 
must pass a short distance to the north of Swansea, and probably 
not far from the line passing through Llanelly, Loughor, Morriston, 
and Neath. 

The principal focus, with its centre below a point about 3 miles 
west of Swansea, must have been about 10 or 12 miles in length, 
and possibly extended from near Lianelly to near Neath. ‘The 
existence of a secondary focus is shown by the excentricity of the 
isoseismal 8 with regard to the isoseismal 7 in the east-to-west 
direction, the twin-character of the shock, the area over which 
it was perceptible, the distribution of the relative intensity of the 
two parts of the shock, and lastly by the observations in mines. 
The position of the secondary focus is determined with the greatest 
accuracy by those observations, as 223 miles due east of the other. 
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There is no known fault in the position assigned by the seismic 
evidence. The great east-and-west fault under Swansea Bay, though 
nearly in the required direction, passes about 5 or 6 miles to the 
south of the line indicated, and cannot, I think, be connected with 
the earthquake. This and the other parallel faults of the district 
are chiefly, if not entirely, of pre-Triassic age. Small displacements 
have, however, taken place in post-Triassic times, and it is probable 
that the Swansea earthquake was due to a movement along a fault 
which has not yet affected the structure of the superficial beds.’ 

How slowly the fault is growing is indicated by the rarity of 
true tectonic earthquakes. or more than 70 years, no slip of any 
consequence has taken place along any one of the system of faults. 
There may have been a few creeps along the fault-surface during 
the 24 hours preceding the recent displacement ; but the first im- 
portant movement occurred in the eastern focus near Llwynypia, 
followed after a few seconds by a much more marked slip within a 
detached focus near Swansea. 


EXPLANATION OF PLATE XXV. 


Map illustrating the area affected by the earthquake of June 27th, 1906, on the 
scale of 294 miles to the inch. The date is erroneously indicated on the 
map as June 26th. 


[For the Discussion, see p. 374. | 


* The faults of the epicentral districts are mapped in Sheets 247 & 248 of 
the Geological-Survey l-inch map. It is worthy of notice that the coal-seams 
are traversed by faults with throws ranging ae to 100 yards, of which there 
are presumably no traces at the surface. 
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24. The Ocuin Harruevaxes of SepremBer 1900 to Aprit 1907. 
By Cartes Davison, Sce.D., F.G.S. (Read June 19th, 
1907.) 

[Prats XXVI—Map.] 


I. InrrRopvction. 


Durine the last two years, the district on the south side of the 
Ochil Hills, known as the ‘ Hillsfoot District,’ has been visited by a 
number of slight earthquakes, which, in their nature and frequency, 
bear some resemblance to those which made the name of Comrie so 
well-known in the preceding century. The stronger shocks are 
briefly described in the local and other newspapers; but the majority 
would no doubt have escaped record, had it not been for the interest 
taken in them by several gentlemen who reside in the district and 
who have kindly communicated to me the results of their observa- 
tions. My thanks are especially due to Mr. W. H. Lindsay and 
Mr. T. J. H. Drysdale, of Menstrie; Mr. J. Dempster, of Airthrey ; 
and Mr. Tyndall B. Johnstone, of Red Carr (Blairlogie), for many 
valuable lists of shocks. To Mr. Lindsay I am also indebted for 
introductions to several other observers, whose frequent notices have 
added much to the completeness of the record—to the Rev. J. Boyd, 
of Menstrie; Dr. W. L. Cunningham, of Alva; the Rev. Menzies 
Fergusson, of Logie; Mr. J. M. Morries, D.L., J.P., of Gogar; 
Mr. Alexander Scott, Jun., of Tillicoultry; Mr. R. D. Taylor, of 
Blairlogie ; and the Rev. J. Williamson, of Alva. I have also to 
acknowledge the courtesy with which many observers in other 
places replied to my enquiries about the more prominent shocks.' 

The list of earthquakes in the Ochil district before the year 1900 
is evidently very incomplete. So far as I can ascertain, it includes 
only five shocks, although others may possibly have been referred to 
the well-known Comrie centre. They are as follows: 


1736, April 380th and May Ist. ‘At One this Morning [May Ist], and at 
Noon the preceeding Day, was a terrible Earthquake along the Ochil Hills in 
Scotland, which rent several Houses, and put the people to flight, it was accom- 
panied with a great Noise under Ground.’ ? 

1842, July 10th. A shock was felt at Dunblane between 11 a.m. and noon.? 

1872, August 8th. At 4.8 or 4.10 p.m., a shock, of intensity 6, was felt at 
Braco, Kinbuck, Dunblane, Bridge of Allan, and Stirling. Towards the north, 
it was felt as far as St. Fillans, Comrie, Glen Lednock, and Crieff. A heavy 
rumbling sound was followed immediately by a wave and then by a double 
vibration, the whole duration being from 3 to 4 seconds. This earthquake 
must have resembled closely the principal shock of the recent series, that of 
September 21st, 1905 (see Pl. XXVI).4 

1881, January 12th. A smart shock was felt at Bridge of Allan and Menstrie 
at about 7 a..° 


1 The expenses of the investigation of these earthquakes were defrayed from 
a grant received from the Government Research-Fund. 

2 «The Gentleman’s Magazine’ vol, vi (for 1786) p. 289. 

3 Brit. Assoc. Rep. 1854 (Liverpool) p. 323. 

* Brit. Assoc. Rep. 1873 (Bradtord) pp. 194-97; Annual Register for the 
Year 1872, pt. ii, p. 65; & ‘ Alloa Journal’ August 10th, 1872. 

° “Nature” vol. xxiii (1881) p. 275; &‘ Alloa Advertiser’ January 22nd, 1881. 
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Il. Description oF THE EARTHQUAKES. 


(1) 1900, September 17th, 3.30 P.a1. 


A slight shock was felt by several persons at Menstrie. 


(2) 1900, September 17th, 10.5 p.m. 
A slight shock was felt by several persons at Alva. 


(3) 1900, September 17th, 10.15 p.m. 


Intensity, 4; centre of isoseismal 4, in lat. 56° 11-6’ N., long. 3° 50°5' W. 
eae of records, 56, from 26 places, and 13 negative records from 11 places 
(fig. 1). 

The boundary of the disturbed area (fig. 1, below) is an isoseismal 
line of intensity a little less than 4 (Rossi-Forel scale). It is 15 
miles long, 94 miles wide, and 117 square miles in area. The 
longer axis runs from E. 13° N. to W. 13°S., and the centre of 
the area is 3 miles N. 8° E. of Menstrie. 


14° 9’ 13°50'long. W. 3°40)’ 
Fig. 1. EARTHQUAKES OF SEPT. 177"anpD SEPT. 22*? 1900, 
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All over the disturbed area, the shock consisted of a single pro- 
minent vibration, followed by a tremor, such as would be caused 
by a heavy weight falling on the floor and making the building 
shake. The duration of the shock was not more than 3 seconds. 

The sound was heard by 94 per cent. of the observers, and was 
compared in 29 per cent. of the records with traction-engines, etc. 
passing ; in 10 per cent., with thunder ; in 5, with wind; in 12, with 
the fall of a load of stones, ete.; in 17, with the fall of a heavy 
body ; in 12, with blasting or explosions; and in 15 per cent., with 
miscellaneous sounds. The beginning of the sound preceded that 
of the shock in 34 per cent., and coincided with it in 66 per cent., of 
the records; while the end of the sound preceded that of the shock 
in 9 per cent. of the records, coincided with it in 77 per cent., and 
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followed it in 14 per cent. The duration of the sound was greater 
than that of the shock according to 40 per cent., and equal to it 
according to 60 per cent., of the ‘observers. 


(4) 1900, September 22nd, 4.30 P.M. 


Intensity, 4; centre of isoseismal 4, in lat. 56° 10°5' N., long. 3° 50:4’ W. 
Number of records, 20, from 13 places, and 17 negative records from 15 places 
(fig. 1, p. 363). 

The boundary of the disturbed area corresponds to an intensity 
slightly less than 4. It is 11 miles long, 7 miles wide, and contains 
an area of 60 square miles. The longer axis is parallel to that of 
the preceding shock, and the wetine is 12 miles No 17-3. of 
Menstrie. 

The shock again consisted of a single prominent vibration, 
followed by a tremor, as if some extremely-heavy body had fallen 
outside the house. 

The sound was heard by 87 per cent. of the observers, 9 per cent. 
of whom compared it with passing waggons, etc.; 27 per cent., with 
thunder; 9, with wind; 36, with the fall of a load of bricks or coal ; 
9, with the fall of a heavy body; and 9 percent., with the distant 
firing of cannon, As a rule, both the beginning and the end of the 
sound coincided with those of the shock." 

In addition to these four shocks, two others were les felt by 
single observers, namely :— 


September 18th, 2 a.m., at Alva. 
September 18th, about 2.55 a.m., at Bridge of Allan. 


(5) 1908, May 15th, 6.15 p.m. 
A distinct shock was felt generally at Menstrie. 


(6) 19C5, April 23rd, 12.15 a.m. 


A distinct movement was felt at Red Carr (near Blairlogie). 


(7) 1905, July 23rd, 12.15 am. 


Intensity, 5; centre of isoseismal 4, in lat. 56° 11°3’ N., long. 3° 47°6' W. 
N ee of records, 33, from 16 places, and 4 negative records from 4 places 
(fig. 2, p. 365). 

Of 19 records of the time of occurrence, 5 are regarded by their 
observers as accurate to within a minute. The average of these 
estimates is 12.15 a.m. 

The boundary of the disturbed area (fig. 2, p. 365) is an isoseismal 
line of intensity 4. It is 163 miles long, 103 miles wide, and 136 
square miles in area; its centre is 33 miles eae ce of Menstrie, 
and the direction of its longer axis is E. 27° N. and W. 27° 8. On 
the same map is shown a portion of the isoseismal 5 traversing the 
district lying to the south of the Ochil Hilis. Its distance from 
the isoseismal 4 is 14 miles. 


1 These four shocks are described in a paper ‘On the British Earthquakes of 
1900’ Geol. Mag. dec. 4, vol. viii (1901) pp. 358-61. 
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At places within the isoseismal 5, the shock consisted of one or 
more prominent vibrations followed by a series of tremors. It 
seemed as if a very heavy dead weight had suddenly fallen on the 
floor, the house quivering after the fall. The mean duration of the 
shock was 3 seconds. 

The sound-area coincided with the disturbed area in all direc- 
tions, except perhaps towards the east. The sound was heard by 
89 per cent. of the observers, 17 per cent. of whom compared it 
with passing waggons, etc.; 10 per cent., with thunder ; 27, with 
wind; 40, with the fall of a heavy body; 3, with explosions; and 
3, with miscellaneous sounds. ‘he large number of references to 
the fall of a heavy body is evidentiy to the ‘thud’ or sound which 
attended the prominent vibration at the beginning, the subsequent 
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sound being variously described. The beginning of the sound 
preceded that of the shock in 37 per cent. of the records, coincided 
with it in 26, and followed it in 37 per cent.; while the end of 
the sound preceded that of the shock in 18 per cent. of the records, 
coincided with it in 18, and followed it in 64 per cent. In every 
case, the duration of the sound was either equal to, or greater than, 
that of the shock. 


(8) 1905, July 26th, 6.3 p.m. 
Intensity, 4. Number of records, 9, from 7 places. 


All the records of this shock come from places in the Hillsfoot. 
district—from Alva, Gogar, Logie, Menstrie, Sauchie, Tillicoultry, 
and Tullibody. The disturbed area was much smaller than that of 
the preceding shock, and probably did not extend so far as Dun- 
blane, Greenloaning, Blackford, and Glendevon, so that it must 
have contained less than 80 square miles. 

The shock was similar in its nature to that of July 23rd. The 


366 DR. CHARLES DAVISON ON THE [ Aug. 1907, 


impression which it produced was again as if a very heavy body had 
fallen on a floor, followed by the quivering which such a fall would 
produce. The duration of the shock was 13 or 2 seconds. 

At Menstrie, the noise began suddenly, and was as loud as 
thunder overhead. 


(9) 1905, August 3rd, about 6 P.M. 


A very perceptible shock was felt by several observers at Red 
‘Carr. 


(10) 1905, September 21st, 11.33 p.m. (Principal 
Earthquake.) 

Intensity, 6; centre of isoseismal 5, in lat. 56° 11°8’ N., long. 3° 45:5’ W. 
Number of records, 139, from 57 places, and 22 negative records from 19 
places (Pl. XXVI). 

Of this shock, there are 41 records of the time of occurrence, 6 
being regarded as accurate to the nearest minute. The average of 
the latter is 11.33 p.m., and one estimate of this time is given by a 
signalman on duty. , 

On the map of the earthquake (Pl. XXVI) are shown three 
isoseismal lines, corresponding to intensities 6, 5, and 4. The 
isoseismal 6, only part of which can be drawn with accuracy, is 
13 miles long, 8 miles wide, and 82 square miles in area. The 
isoseismal 5, which is determined by a much larger number of 
observations, is 203 miles long, i4 miles wide, and contains an area 
of 227 square miles. Its centre is 3 miles N. 25° E. of Menstrie, 
and the direction of its longer axis E. 29° N. and W. 29°S8. The 
distance between the isoseismals 6 and 5 is about 37; miles on the 
north, and 2? miles on the south, side. The isoseismal 4 is 334 
miles long, 264 miles wide, and 700 square miles in area; its 
longer axis runs from H. 27° N. to W. 27° S.; its distance from 
the isoseismal 5 is 73 miles on the north side, and 5 miles on the 
south. Outside this isoseismal, the shock was felt at Falkirk, 1 
mile to the south, and at St. Fillans and Balmeanach, respectively 
3 and 44 miles to the north-west. ‘The total area disturbed must 
therefore have been about 1000 square miles. 

In its nature, the shock of September 21st closely resembled its 
predecessors, the only noticeable difference being that the prominent 
vibrations, which again gave the impression of the heavy thud of a 
falling body, were preceded, as well as followed by tremulous 
motion. At some distance from the epicentre, these tremors were 
imperceptible or nearly so. Thus, at Comrie, which is 15 miles 
north-west of the epicentre, the earthquake began with a rumble 
like that of a heavy cart approaching, and as it seemed to pass 
below the house there was a heavy crash, the rumbling dying away 
as if the cart were receding in the opposite direction. The mean 
of 54 estimates of the duration of the shock is 3:4 seconds. 

The sound-area is co-extensive with the disturbed area, though 
there is a marked decline in audibility in all directions near the 
boundary. Thus, while the percentage of audibility is 84 for the 
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whole area, it is 89 within the isoseismal 6, 82 between the iso- 
seismals 6 and 5, and 79 between the isoseismals 5 and 4, most of 
the places at which the sound was inaudible being close to the latter 
curve. In describing the sound, 24 per cent. of the observers com- 
pared it with passing waggons, etc.; 16 per cent., with thunder ; 8, 
with wind; 10, with loads of stones falling ; 24, with the fall of a 
heavy body ; 16, with explosions; and 2 per cent., with miscellaneous 
types. The crash or thud was again a marked feature of the sound, 
but the greater proportion of comparisons with passing waggons 
and thunder is indicative of its more rumbling character and longer 
duration. 

The beginning of the sound preceded that of the shock in 49 
per cent. of the records, coincided with it in 44, and followed it 
in 7 per cent.; the end of the sound preceded that of the shock in 
15 per cent. of the records, coincided with it in 55, and followed 
it in 30 per cent. The duration of the sound was greater than 
that of the shocks in 44 per cent. of the records, and equal to it 
in 56 per cent. | 


(11) 1905, September 22nd, about 1.30 a.m. 
A tremor was felt at Alloa and Bridge of Allan. 


(12) 1905, September 25th, early morning. 
The exact time at which the shock occurred is unknown. A 
tremor, evidently very slight, was felt at Alloa and Cambus. 
(18) 1905, September 30th, 9.45 p.m. 


A slight shock was felt by many residents in Menstrie, accompanied 
by a rumbling noise, as if a heavy body were being rolled along the 
ground and bumping every now and then. 


(14) 1905, October 29th, 10.53 a.m. 
An earth-sound was observed by many residents in Menstrie. No 
shock was felt ; the sound resembled distant thunder passing from 
north-west to south-east. 


(15) 1905, December 22nd, 9.15 p.m. 
A slight shock was felt throughout the village of Menstrie. 


(16) 1906, July 3rd, 2.15 p.m. 


A slight shock, of intensity 3, was felt at Menstric, accompanied 
by a sound like the fall of a heavy body. 


(17) 1906, Juiy 4th, 3.45 a.m. 


Intensity, 4. Number of records, 9, from 6 places, and 11 negative records 
from 10 places. 

The shock was felt at Airthrey, Alva, Blairlogie, Menstrie, Red 
Carr, and Tullibody, all of which are in the Hillsfoot district. The 
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shock is described as a quivering thud, strongest at the beginning, 
and lasting 2 seconds. The sound was heard by all observers, and 
was compared by two with the fall of a heavy body, and by two others 
with an explosion. 


(18) 1906, July 7th, 5.29 a.m. 


Intensity, 4. Number of records, 5, from 2 places. 


The shock was felt at Alva and Menstrie. The sound was heard 
by all observers, and was compared by two with the fall of a heavy 
body. 

(19) 1906, August 24th, 5.25 p.m. 


A very slight, but unmistakable, shock was felt at Menstrie. 


(20) 1906, September 28th, 12.25 2.m. 


A slight shock was felt at Blairlogie, Menstrie, and Red Carr, and 
was accompanied by sound. 


(21) 1906, October 3rd, 4.32 a.m. 


A shock, strong enough to awake several observers, was felt at 
Blairlogie and Menstrie. The shock consisted of two vibrations, 
and the accompanying sound was like a distant cannon-shot. 


(22) 1906, October 8th, 7.24 a.m. 


Intensity, 5; centre of isoseismal 4, in lat. 56° 10:9’ N., long. 3° 51:3’ W. 
Number of records, 23, from 14 places, and 8 negative records from 6 places 
(fig. 3, p. 869). 


The average of 17 estimates of the time is 7.24 a.m. The 
disturbed area, which is bounded by an isoseismal of intensity 4, 
is 12 miles long, 93 miles wide, and 90 square miles in area, its 
centre being 2 miles north of Menstrie. The intensity of the shock 
was 5 at Logie, Menstrie, and Tillicoultry. At these places, the 
shock was very distinctly felt, consisting as a rule of one prominent 
vibration. Its average duration was 2 seconds. The sound was 
heard by 86 per cent. of the observers, and in 57 per cent. of the 
records was compared with the dull concussion caused by the fall of 
a heavy body. ‘he beginning and end of the sound either preceded 
or coincided with the corresponding epochs of the shock. ; 


(23) 1906, October 8th, 8.16 a.m. 


Tntensity, 4. Number of records, 10, from 8 places, and 3 negative records 
from 3 places. 


A much slighter shock than that at 7.24 a.m., was felt at Airthrey, 
Alva, Blairlogie, Bridge of Allan, Dunblane, Logie, Menstrie, and 
Red Carr. The disturbed area was probably about 95 miles long, 
6 miles wide, and 45 square miles in area, and its centre about 
2 miles N. 5° W. of Menstrie. The shock consisted of two 
vibrations, lasting not more than 2 seconds, and was accompanied 
by a sound resembling that of a muffled explosion. 
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(24) 1906, October 12th, 7.20 a.m. 
A distinct shock was felt at Menstrie. 


(25) 1906, October 20th, 7.15 a.m. 


A slight tremor and sound were observed at Airthrey. 


(26) 1906, October 24th, 7.11 p.m. 


A report, like that of a distant cannon, was heard generally at 
Menstrie. 


(27) 1906, October 26th, 7.15 p.m. 


A slight shock was felt at Airthrey and Menstrie: at the latter 
place it consisted of two vibrations, at the former it was accompanied 
by sound. 

(28) 1906, October 30th, 12.15 p.m. 


A slight shock and sound were observed by a few persons at 
Menstrie. 


(29) 1906, December 28th, 4.12 p.m. 


Intensity, 6; centre of isoseismal 4, in lat. 56° 11:3’ N., long. 3° 51°0' W. 
Number of records, 10, from 7 places, and 5 negative records from 5 places 


(fig. 3, below). 

The average of 7 estimates of the time is 4.12 p.m. The shock, 
which consisted of two prominent vibrations followed by a tremor, 
was felt at Airthrey, Alva, Burnside Farm (Braco), Dunblane, 
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Menstrie, Red Carr, and Tillicoultry ; its intensity was 4 at Airthrey, 
Dunblane, Red Carr and Tillicoultry, and 6 (according to three 
observers) at Menstrie. The disturbed area was probably about 
11 miles long, 84 miles wide, and contained about 74 square miles ; 
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its centre being 24 miles north of Menstrie. The sound was heard 
by 78 per cent. of the observers, and was generally compared with 
the fall of a heavy body or with an explosion. From the rapid 
decline in intensity of the shock outwards from Menstrie, it follows 
that the focus was situated at a slight depth and that the epicentre. 
was close to Menstrie. 


(30) 1906, December 29th, 1.30 p.m. 


A slight shock, accompanied by a noise like the fall of a heavy 
body, was felt at Airthrey. 


(31) 1906, December 30th, about 1 a.m. 
A shock, which woke several people, was felt at Menstrie. 


(32) 1906, December 30th, 2.10 p.m. 


A very slight, but distinct, shock (intensity 3) was felt at: 
Airthrey, Alva, Dunblane, Menstrie, and Red Carr. The sound 
resembled that caused by the fall of a heavy body. 


(33) 1906, December 30th, 4.15 p.m. 


Intensity, 6; centre of isoseismal 4, in lat. 56° 10°8' N., long. 3° 51:3’ W. 
Number of records, 13, from 8 places, and 6 negative records from 5 places. 
(fig. 3, p. 369). 


The average of 10 estimates of the time is 4.15 p.m. The dis- 
turbed area is about 11 miles long and 84 miles wide, and contains. 
about 82 square miles, its centre being about 2 miles north of 
Menstrie. The intensity of the shock was 4 at Alva, Dunblane, 
Stirling, and Tillicoultry, and 6 (according to three observers) at 
Menstrie. The sound was heard by all the observers, and, in 
50 per cent. of the records, was compared either with the fall of a 
heavy body or with an explosion. The beginning and the end of 
the sound coincided, as a rule, with those of the shock. 


(34) 1906, December 31st, 1 a.m. 
A shock was very generally felt at Menstrie, strong enough to. 
_ awake persons, and was accompanied by sound. 


(35) 1907, February 10th, 5.40 p.m. 
A slight shock was felt at Menstrie. 


(36) 1907, March 19th, 7.33 p.m. 


Intensity, 5. Number of records, 6, from 4 places, 


A shock, rather stronger than usual, was felt at Airthrey, Alva,. 
Bridge of Allan, and Menstrie. It consisted of two prominent. 
vibrations, and was accompanied by a loud report like that of an 
explosion. 
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(37) 1907, April 7th, 11.11 P.M. 


A very siight shock, hardly perceptible, was felt by two 
independent observers at Menstrie, the accompanying noise being 
the more prominent feature. 


(38) 1907, April 7th, 11.19 P.M. 


A slight shock, consisting of two vibrations, was felt at Menstrie. 


(39) 1907, April 8th, 6.45 a.m. 
A slight shock was felt at Menstrie. 


(40) 1907, April 11th, 5.30 a.m. 


A shock (intensity 4), accompanied by sound, was observed at 
Menstrie and Red Carr. 


(41) 1907, April 11th, 5.40 a.m. 


A shock (intensity 4) was felt at Airthrey, Menstrie, and Red 
Carr. 


(42) 1907, April 11th, 6.5 a.m. 


A shock, with very slight noise, was observed at Menstrie. 


Ill. CHaRractERIstics oF THE OcHtL EARTHQUAKES. 


The earthquakes described in the foregoing pages may be divided 
into three classes, namely : (i) the principal earthquake of September 
21st, 1905, which disturbed an area of about 1000 square miles; (11) 
the earthquakes of September 17th, 1900 (10.17 p.u.), July 23rd, 
1905, and October 8th (7.24 a.m.), December 28th, and December 
30th (4.15 P.u.), 1906, the average disturbed area of which was 
100 square miles; and (iii) the remaining earthquakes, the disturbed 
area of which rarely, if ever, exceeded 60 square miles. 


Time of Occurrence.—Of the 42 earthquakes described, 24 
were felt during the night (6 p.m. to 6 a.m.), and 18 during the day 
(6 a.m. to 6p.m.). The slight preponderance during the night hours 
is no doubt due to the conditions being then more favourable for 
the observation of weak shocks. 

Nature of the Shocks.—When the shock was of intensity 
equal to or greater than 4, it consisted almost invariably of one or 
two prominent vibrations, generally followed by a brief tremor. 
The shocks of intensity less than 4 were tremors only, though even 
in these cases the accompanying sound frequently resembled the 
report of a distant cannon or the noise caused by the fall of a 
heavy weight. 

Sound-Phenomena,—The sound was heard by 84 per cent. 
ef the observers of the principal earthquake, by 90 per cent. of 
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those of the second class, and by 95 per cent. of those of the third 
class. ‘The nature of the sound also differed in the three classes 
of earthquakes, as shown in the following table (1), in which 
the figures represent percentages for each class of earthquake to the 
different types of sound. 
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Omitting the miscellaneous sounds in the last column, the first 
three types may be regarded as of long, and the other as of short, 
duration. In Classi 51 per cent. of the comparisons are of short 
duration, in Class 11 52 per cent., and in Class ii 73 per cent. 

In the next table (11), the time-relations of the beginning and the 
end of the sound and shock are given, the figures in the columns p, ¢, 
and f respectively representing the percentage for each class in 
which the epoch of the sound preceded, coincided with, or followed, 
the corresponding epoch of the shock. Under the heading ‘< relative 
duration,’ the figures in the columns headed g, e, and / represent 
the percentages for each class in which the duration of the sound 
was greater than, equal to, or less than that of the shock. 
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Thus, the weaker the shock, the greater is the percentage otf 
audibility, the more numerous are the references to types of briet 
duration, and the more closely does the sound approach to coincidence 
with the shock. 

Length of Focus.—Taking the difference between the longer 
and shorter axes of the inner isoseismal lines as a rough measure 
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of the length of the seismic focus, it would appear that, in the 
principal earthquake of September 21st, 1905, the length of the focus 
was about 64 miles; in the shocks of the second class, the average 
length was about 4 miles; while, for the third class, we may infer, 
from the brevity of the sound and shock, that the focus was 
generally of small dimensions. 


LY. Oricin oF THE KARTHQUAKES. 


From the evidence of the earthquakes of September 17th and 
22nd, 1900, it may be inferred that the mean direction of the origi- 
nating fault in the neighbourhood of the epicentres is E. 11° N. and 
W.11°S.; while that deduced from the earthquakes of July 23rd 
and September 21st, 1905, is E. 27° N. and W. 27° 8. Owing to 
the paucity of observations in some parts of the disturbed areas, 
especially towards the east and north-east, these estimates cannot 
be regarded as very accurate, and it is uncertain whether one or 
two faults were responsible for these earthquakes. 

The direction in which the fault hades is determined by one 
earthquake only, namely, the principal earthquake of September 21st, 
1905. As the distance between the isoseismals is greater on the north 
than on the south side, it may be inferred that the fault hades 
towards the north. In this case, then, the fault-line must lie a 
short distance (about a mile or two) on the south side of the centres 
of the isoseismal lines. 

On the maps of the earthquakes, the course of the great Ochil 
Fault in the neighbourhood of the epicentres is shown.’ As will 
be seen, it passes through or near the Hillsfoot villages, at which 
so many of the slighter shocks were felt. Its mean direction in 
this district is KE. 13° N. and W.13°S. In the portion between 
Blairlogie and Alva, near which most of the epicentres lie, its hade 
is unknown ; but, farther east, near Dollar, as Dr. J. Horne, F.R.S., 
kindly informs me, there is direct evidence that it hades towards 
the south at an angle of about 26° from the vertical. Now, as in 
all the stronger shocks (figs. 1-3 & Pl. XX VI), the greater part of 
the disturbed area lies on the north side of this fault, we must 
conclude that none of these shocks was connected with the main 
Ochil Fault, unless there is a change of hade, of which we have no 
evidence, to the west of Tillicoultry. 

With regard to some, if not most, of the weaker shocks, however, 
it seems clear that they must be attributed to slips along a fault 
passing not far from the Hillsfoot villages, for (i) they were 
observed as a rule at these villages only, and (ii) the intensity of 
the shocks of December 28th and December 30th (4.15 p.u.), 1906, 
was great at Menstrie, and died rapidly out from this place. 
Whether these alone should be referred to movements along the 
Ochil Fault, or whether all the earthquakes originated in a fault 


+ Reproduced from Sheet 39 of the l-inch map issued by the Geological 
Survey of Scotland. 
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which has not affected perceptibly the structure of the district, must, 
J am afraid, remain for the present in doubt. 

Assuming them, however, to be connected with a single origi- 
nating fault, the portion of the fault-surface affected by the recent 
displacements must extend from near Airthrey to a mile east of 
Tillicoultry, a distance of about 8 miles. In the two stronger 
shocks of September 1900, the centres of the foci lie about a mile 
east of Menstrie. Neglecting the two small creeps in 1903 and 
April 1905, the next and easternmost slip occurred in July 1905, 
the centre of the focus being about 24 miles east of Menstrie. 
This was followed two months later by the greatest displacement 
of all, the centre of which lies about 1? miles east of Menstrie. 
The succeeding slips were all confined within a comparatively-small 
region of the fault, the centres of the foci in the four shocks of 
October 8th (7.24 and 8.16 a.m.), December 28th and 30th (4.15 
p.M.), 1906, being all within half a mile of Menstrie. The majority 
of the slight slips which took place between September 1905 and 
April 1907 affected a very small region of the fault close to Menstrie, 
but a few—such as those on September 28th, October 3rd and 
26th, December 30th (2.10 p.m.), 1906, and March 19th, 1907— 
probably occurred about a mile west of that village. 


EXPLANATION OF PLATE XXVI. 


Map illustrating'the area affected by the principal earthquake of September 21st, 
1905, on the scale of 6 miles to the inch. 


Discussion [ON THE TWO FOREGOING PAPERS |. 


The Cuarrman (Dr. A. Srrawan) said that geologists were greatly 
indebted to the Author for his painstaking collection of observations 
upon earthquakes. The symmetry of the isoseismal lines was 
remarkable. They appeared, moreover, to have been traced with 
such precision as to have enabled the Author to locate ‘ an origi- 
nating fault’ and to have determined its hade. It was to be noted, 
however, that the region dealt with in the first paper was honey- 
combed with workings for coal, and that all the faults were well 
known. No fault was known to exist in the position assigned to 
the ‘ originating fault.’ 


Quart. Journ. Geol, Soc. Vol. LXIII, Pl. XXVI. 
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25. The Fuora of the Inrertor Ootrre of Brora (SurHerianp), 
By Marre ©. Sropzs, D.Sc., Ph.D., Lecturer in Manchester 
University. (Communicated by Prof. J. W. Jupp, C.B., F.R.S., 
F.G.S. Read June 19th, 1907.) 


[Pirate XXVII,] 


Tue object of this paper is to place on record the discovery of a bed 
containing plant-impressions in the Oolites of Brora in Sutherland, 
which represent a flora bearing a strong likeness to that of the In- 
ferior Oolites of the Yorkshire coast, arid to give a short description 
of the Scottish plants. 

In Prof. Judd’s (73) classic memoir on the Secondary rocks of 
Scotland, the description given of the district round Brora in Suther- 
land shows that it is the most favourable locality for studying the. 
Secondary formations of the country. Near the little town of Brora 
the beds are well exposed, and are of economic importance on account. 
of the workable coal and building-stone which they supply. It is 
not necessary to point out how little there is left in Scotland of the 
rocks of Oolitic age. 

Notwithstanding its inaccessibility, the Brora district had been 
referred to by geologists even before the time of Murchison, the 
coal-pit having been first sunk in the Oolitic coal in 1598 by the 
Countess of Sutherland. Repeated borings have been made since,. 
and the mine, although stopped down in the early part of the nine-. 
teenth century, is at present again in active work. This practically 
unique case of an extensive coal-mine in the Oolites has attracted’ 
the attention of geologists, yet remarkably little is to be found in 
the literature about the fossil-plants of the coal-bearing beds. In. 
a paper by Hugh Miller (62) in his well-known book, some plant- 
impressions are mentioned, but most of the specimens are from the 
higher beds; while, in the very important paper by Mr. Carruthers. 
(70), only the Cycadean flora of the Upper Oolite of the district (the 
Kimeridgean of Helmsdale) is dealt with, no mention being made- 
of the plants of the Inferior Oolite, which may be supposed to have 
formed the coal at Brora. . 

The likeness of the fauna of the Brora beds to that of the beds. 
of similar age on the Yorkshire coast was early recognized, and 
Murchison (27), p. 316, states that : 


‘The several parts of this deposit have been brought into comparison with. 
certain portions of the English Oolitic Series, solely by the help of zoolo-. 
gical characters. This generalization is fully confirmed by the phenomena 
presented on the Yorkshire coast. We have there a repetition of the pecu- 
liarities of the Brora coal-field and some of the same fossil plants.’ 


1 Numerals in parentheses after authors’ names refer to the dates in the. 
Bibliographical List, p. 381. 
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The fossil-plants here mentioned, however, are but vaguely described, 
chiefly in the words of a Mr. Konig (op. cit. pp. 298-300). The 
plant which is figured in pl. xxxil. under the name Oncylogonatum 
carbonarium is now readily recognized as Hquisetites columnaris, 
and is the one which Konig identified with one of the fossil-plants 
collected by Murchison on the Yorkshire coast. A second plant of 
doubtful affinity is also figured, but the Hquisetites is the important 
and characteristic fossil of these beds. 

Robertson (48) notes the similarity of the strata yielding the 
Brora coal with those of the Yorkshire coast; but, although he 
speaks of beds containing plant-remains, he does not mention any 
ot them by name. 

In Prof. Judd’s (73) important paper the relative positions of the 
beds are made clear from the study of their numerous animal- 
remains; but no mention is made of plants from the series of Lower- 
Oolite rocks, beyond recording the frequency of impressions of 
Hquasetites. He says (p. 157) of the coal that 


‘In places it is seen to be wholly made up of the crushed stems of Hguisetites 
columnaris, Brongn.’ 


Otherwise the fossils are not specifically described, being referred 
to as ‘ plant-remains,’ ‘fossil wood,’ or ‘ plant-markings.’ Certain 
very important plants were found in the district, such as Bennettites 
Peachianus, and these are described in detail by Mr. Carruthers (70); 
but they do not belong to the same series of rocks as do the coals 
(being from the Middle and Upper Oolites), and hence are not 
comparable with the rich shale-flora of the Yorkshire Inferior 
Oolite. Botanically, also, they are of a different type from those 
of the lower horizons.’ 

Prof. Seward (00), in his ‘ Introduction to the Catalogue of the 
Mesozoic Plants in the British Museum (Natural History),’ refers 
to the description given by Murchison in 1827, noting that Oncylo- 
gonatum is Hquisetites and that the second doubtful species may 
be the scales of a female Araucarian cone, but he gives no further 
plant-species as representative of the Brora district. Hence it 
appears that, until the present plants came to light, but one deter- 
mined species and one doubtful species were known from the coal- 
bearing Inferior Oolite of Brora. 

From this it will be understood why the detailed comparison 
of the flora of the Inferior Oolite of Yorkshire with that of the 
similar beds in Scotland has perforce lain in abeyance, although the 


1 It may be convenient to mention here the more important of the plants 
described from the higher beds :—Kguisetites columnaris, casts and impressions ; 
Bucklandia Milleriana, Carr. (Middle Oolite, Brora), casts and impressions ; 
Yatesia Joassiana, Carr. (Middle Oolite, Brora), casts and impressions ; 
Y. crassa, Carr., casts and impressions ;' Bennettites Peachianus, Carr. (Middle 
Oolite, Helmsdale), with structure ; various Gymnosperm woods with structure, 
many from the Kimeridgean of Helmsdale. Hugh Miller mentions several 
Cycadean foliage-impressions, but practically the only paper on the subject is 
that of Mr. Carruthers, already mentioned. , 
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general characters of the plant-bearing beds have been compared. 
Prof. Judd (op. cit. p. 102) says: 

“Large masses of wood, sometimes preserved as jet, and at other times pre- 
senting only hollow casts, abound in these sandstones ; and occasionally vertical 
plant-markings, like those of the Lower Oolite in England, are also found.... 
The general resemblance of all these strata of the arenaceous type to those of 
the Lower Oolites of the Yorkshire coast is very striking.’ 

He goes on to point out that the whole series represents periods 
ranging from the Lower Lias to the Upper Oolite. 

_-~ Apart from the paleobotanical interest of the subject, it is worth 
investigating the Inferior-Oolite beds in order to ascertain whether 
the close similarity in physical characters between them and the 
Yorkshire series holds good in detail when we come to the flora. 
General geological work has shown that the districts at present 
constituting England, Northern France, and Western Germany were 
included in the Jurassic and Neocomian Periods within a single 
marine province. As Prof. Judd remarks (op. cit. p. 100): 

‘ This, in turn, has led to the recognition and study of the minor paleontological 
features which characterized the several subdivisions of that sea, and, in a 
much less degree (owing to the paucity of the evidence), of the several land- 
areas which bounded them.’ 

Fragmentary though they be, the plants about to be described add 
something to the evidence from the land-area of that period. 


The bed in which these plants were found was a thin shale-band 
cropping out below high-tide level on the coast, about a mile and a 
quarter due south of Brora. According to Prof. Judd’s mapping, 
this little reef would come well within the boundary of the Lower 
Oolites, though from the more recent Geological-Survey 1-inch map 
(Sheet 103, Golspie) it appears to come in the position of the Middle 
Oolites. Without a more complete and elaborate examination of 
these shore-deposits than could be carried out at the time, it could not 
be determined whether the stratum really belonged to the Middle 
Oolites, or whether it was one of the Inferior-Oolite beds lying on 
the seaward side of a Middle-Oolite reef which was too small and 
unimportant to be represented on a l-inch map. ‘The latter 
explanation is in harmony with the dip of the beds and the manner 
in which they recur along the shore ; and as, in addition, the flora is 
so strikingly like that of the Inferior Oolites of Yorkshire, it is the 
view which I hold. The plant-bed formed a band 2 or 3 inches 
thick, particularly rich: in plant-impressions, in a rather barren 
grey shale, which weathered to a rich brownish-orange colour. 
Throughout the foot or so of thickness of this shale were small and 
very imperfect fragments of plants, but only in the band a couple 
of inches thick were they sufficiently well preserved to be identified. 
The visible outcrop was but a few yards in extent; and, as the bed 
was so thin, it was practically worked out while collecting from it, 
and so it may not be easy for another investigator to get many 
specimens. The entire collection from which the present notes are 
written is in the Manchester Museum, and is therefore available 


Q. J. G. 8. No. 251. 2D 


378 MISS M. C. STOPES ON THE FLORA [Aug. 1907, 
for reference. The impressions are of a fragmentary nature, even 
from this relatively well-preserved band—except in the case of the 
Ginkgo-leaves, some of which are practically perfect, and show the 
veining of the lamina, and in some cases (after suitable treatment) 
the minute detail of the epidermis. 

From the fragments of plants from this one spot, the following 


species were identified *:— 


Equisetites Beant (Bunb.) (?) base of Cladophlebis denticulata (Brongn.) 


stem. 

Equisetites columnaris, Brongn., inter- 
nodes, nodes, leaves, and nodal dises. 
(See Pl. XXVII, fig. 1.) 

Equisetites broraensis (sp. nov.) nodal 
discs. (See Pl. XXVII, fig. 2.) 

Coniopteris hymenophylloides (Brongn.) 
leaves. 

Contopteris quinqueloba (Phill.) leaves. 


leaves. 

Dictyophyllum sp., leaves, very frag- 
mentary. 

Zamites sp.(?) separate pinnules, 
very long thin type. 

Otozamites (?) separate pinunules. 

Ginkgo digitata (Brongn.)’ leaves. — 
(See Pl. XXVII, figs. 3-5.) 

Cheirolepis sp., fragments of stems 


Todites Williamson (Brongn.) leaf. | with leaves. 


As well as several impressions which, though recognizably different from the 
above and from each other, were not specifically determinable. : 


By counting the numbers of individuals of each species in the 
collection, it was ascertained that Hgwisetites columnaris and 
Ginkgo digitata were considerably the most numerous of the plants. 
Most of the species in the foregoing list are identical with those 
represented in the flora of the Inferior Oolites of Yorkshire [see 
Prof. Seward’s ‘Catalogue’ (00)], although the number of species 
recorded from the latter locality is very much greater than from 
the bed at Brora, as it has been known and collected from for so 
long a time. 


Not many of the Brora plants call for special remark, for most of 
them, although sufficiently well-preserved for identification, do not 
reveal any detail previously unknown about them. 

Prof. Seward describes but two species of Hquisetites from the 
Inferior Oolite of Yorkshire, cutting down the many specific names 
and synonyms to Hquisetites Beant and E. columnaris. The latter 
is common in a fragmentary condition in the Brora beds, but it is 
noticeable that, although all the stems and leaf-sheaths vary from 
10 to 30 mm. in diameter (see Pl. XXVII, fig. 1), there are 
also numerous nodal discs similar to that described and figured 
by Prof. Seward (op. cit. pl. xix, fig. 4), but of very much smaller 
size, namely, 2 to 5 millimetres in diameter (Prof. Seward’s figured 
specimen measures about 20 mm.). These are plentiful and well- 
preserved, but entirely isolated impressions (see Pl. XXVIU, fig. 2) ; 
and, although it is possible that they may be the nodal diaphragms 
of very small stems of Z. columnaris which are not otherwise pre- 
served, yet it is equally possible that they represent an entirely 
distinct species. For the sake of description, because they are so 


1 TI am much indebted to Prof. A. C. Seward, F.R.S., for his kindness in 
helping me to determine two or three of the more difficult fragments. 
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characteristic of the Brora beds and have not (so far as I am 
aware) been found elsewhere, they are described under the (perhaps 
temporary) name of Hquisetites broraensis. 

The Zamites-pinnules, although differing from any described 
species to which I have access and reference, are yet insufficiently 
preserved to justify a new name for them. 

The Ginkgo-leaves are very much better preserved than the other 
plants, and are of some interest. As is seen in Pl. X XVII, figs. 
3 & 4, they are of a deeply-bilobed type, and they may vary from 
2 to 4 centimetres in expansion. ‘They entirely correspond with 
the type figured by Prof. Seward (00), p. 259 & pl. ix, fig. 10, 
from the Yorkshire Oolites, as one of the varieties in the form of the 
leaf of Ginkgo digitata. Among the Brora specimens this deeply- 
bilobed variety is the common form, no other shape of leaf of the 
species or of other species of Ginkgo or Baiera occurring, except 
one or two small simple leaves without any lobing. One of these 
is illustrated in Pl. XXVII, fig.5. Both the simple and the bilobed 
variety can be matched among the smaller leaves of the living form 
[see Seward & Gowan (00), where the great variability in shape of 
the leaves is illustrated]; hence, although Prof. Seward does not 
illustrate the simple type in his series of Oolitic fossils (op. supra cit. 
pl. ix), there appears to be no necessity to conclude that it is any- 
thing but a variety of form of Ginkgo digitata, although at one time 
it would have received specific distinction. 

‘When the shales were freshly opened the leaves were extremely 
liable to peel off nearly complete, and even to blow away, the leaf 
separating intact from the shale and showing the veining very 
clearly when held up to the light. Some of these leaves were 
treated with nitric acid and potassium-perchlorate for several days 
and then carefully washed, when it was found that not only had 
they become perfectly transparent, but that it was possible to split 
them horizontally and thus separate sheets of upper and lower 
epidermis, each retaining the perfect form of the leaf. The details 
of the epidermal cells were then perfectly recognizable under the 
microscope, and in some of the better specimens the stomates and 
guard-cells were perfectly preserved. There is a distinct difference in 
character between the upper and the lower epidermis, as is shown in 
the text-figure (A & B, p. 380), the stomates being almost entirely 
confined to one side of the leaf, which is presumably the lower, 
although one or two were observed on the other side as well. 

As the outlines of the cells were so perfectly preserved, it seemed 
worth comparing them with the corresponding cells of the living 
species. The result is shown in the text-figure, where A & C and 
B&Dcorrespond. All these figures were drawn with the same lens 
and eyepiece, with a ‘Netzmikrometer,’ on mathematical paper, 
so that they are on an identical scale. It will be evident that the 
difference in form between the cells of the living and the fossil 
species is entirely sufficient to justify specific distinction. Judging 
simply by the external form of the leaves, it is not possible to deter- 
mine whether the Jurassic G. digitata is or is not a different species 
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from the living one, for, as Prof. Seward says (op. cit. p. 259), 
they can | | 


“be matched exactly with some of the smaller leaves of the recent species.’ 


Few fossil-leaves have excited more interest than those of Ginkgo ; 
and while, on the one hand, innumerable specific names have been 


Epidermis-cells of living and fossil Ginkgo, 


Ginkgo digitata (fossil). 


Ginkgo biloba (recent). 


: D. 


A=Hpidermis of the lower side of the leaf of Ginkgo digitata, Jurassic, showing 
stomates ; B= Epidermis of the upper side of the same leaf ; C=Lower 
epidermis of Ginkgo biloba (living), showing stomates; D = Upper 
epidermis of the same leaf. [Note the difference in form between the 
cells of the two species. | 


given to all the varieties of external form among the fossils, on the 
other it has been held that the Jurassic species may be identical 


f 
Vol. 63.] OF THE INFERIOR OOLITE OF BRORA. 381 


with the living one. The insecurity of argument based entirely on 
the external morphology of plants is well known, and therefore it 
is useful to have in these Brora specimens leaves which are so 
well preserved that they show some microscopic detail. Judging 
from them, it seems clear that Ginkgo digitata is specifically dis- 
tinct from G’. biloba. 


In the introductory pages of Prof. Judd’s paper, he says, of the 
interesting patches of Jurassic rocks in the Highlands of Scotland, 
that despite their fragmentary character we may 
‘seek in them for the solution of many problems of the highest geological 
interest, among which we may especially instance the following :-— 

(1) The determination of the northern limits of the old life-province to 
which we have referred, and the question whether the Scotch deposits 
were formed within it...... 

(3) The conditions under which the various beds constituting the Mesozoic 
Series in Scotland were deposited...... 

(5) The position and extent, with the nature and productions, of the lands 
bounding this portion of the old Mesozoic sea.’ (Op. cit. p. 100.) 


The bed of plants just recorded sheds its small ray of light on 
these problems. The whole of the Oolitic deposits of the Brora 
district consist of estuarine and marine beds abruptly alternating, 
which as a rule contain very fragmentary remains of plants. The 
bed in which these relatively well-preserved plants have been found 
seems to have been formed under tranquil conditions, probably 
- in a lagoon of fresh or but slightly brackish water. There were no 
animal-remains among the plants, except a single example of a 
Unio, which was presumably a freshwater form: it could not be 
specifically identified. The plants are those of a land-area, probably 
‘with firm ground surrounding pools or shallow water, as seems 
indicated by the fact that Ginkgo and Hqwisetites are the two 
commonest forms ; these, with the ferns and other plants enume- 
rated in the list on p. 378, certainly represent ‘ productions of the 
lands bounding this portion of the old Mesozoic sea.’ It is evident 
that the flora of the Inferior Oolites of Brora is so similar to that 
of Yorkshire as to convince us that the plants of the Scottish 
district belong to the same ‘ life-province’ as the one which in- 
cluded Yorkshire during that period. 
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EXPLANATION OF PLATE XXVII. 


[The figures are all of the natural size, and are taken from specimens in the 
Manchester Museum. | 


Fig. 1. Hguisetites columnaris: leaf-whorl. (Photogr.) Manchester Museum, 
Register No. L 7180. 

2. Hquisetites broraensis: mass of shale, showing a number of the small | 
nodal discs of this form, varying from 2 to 5 millimetres in diameter. 
(Photogr.) L 7185. 

3. Ginkgo digitata: shale with several leaves, showing their decpiyonlepe! 
character. (Photogr.) L 7170. 

4. Ginkgo digitata: single leaf, showing the bilobed character and the 
veining of the lamina. (Drawing. ) L 7183. 

5. ee digitata: single leaf, of the simple undivided type. (Photogr.) 
L 7783. 


Discussion. 


The Caairman (Dr. A. Stranan) congratulated the Authoress 
upon her discovery of this plant-bed at Brora, which was not only 
interesting in itself, but important as affording further evidence 
for the correlation of the rocks of Brora with those of the pues 
coast. 

Prof. E. J. Garwoop regretted that he could add nothing to the 
discussion on the subject of this paper. He would, however, like 
to take this opportunity of welcoming this first communication 
from his old pupil, the distinguished Authoress. As many of the 
Fellows knew, Miss Stopes had interested herself for some time in 
paleobotany, and had just received from the Royal Society a sub- 
stantial grant to enable her to visit the deposits containing coal- 
balls in Japan. He felt sure that the Fellows of the Society would 
join him in wishing every success to her expedition, and would 
welcome future communications from her after her return. 


Quart. Journ. Geot. Soc. Vor. LXII, PL. XXVIII. 


3 


Fig. 


Fis...5: 


iS 
S 
s 
S 
Ss 
x 
~s 
mG 


INFERIOR OOLITE OF BRORA. 


PLANT-REMAINS FROM THE 


i le te Se 


Vol. LX&XIII. NOVEMBER, 1907. No. 252. 
Parr 4, 


QUARTERLY JOURNAL 


OF THE 


GEOLOGICAL SOCIETY. 


EDITED BY 


THE ASSISTANT-SECRETARY. 


[With Eight Plates, illustrating Papers by Mr. L. Richardson, 
Mr. H. Bolton, and Mr. F. W. Harmer. | 


LONDON : 


LONGMANS, GREEN, AND CO. 
PARIS:—CHARLES KLINCKSIECK, 11 RUE DE LILLE. 


SOLD ALSO AT THE APARTMENTS OF THE SOCIETY. 


Price Five Shillings. 


My - 
l - ‘ 
Ss GSE 
j ‘ j eee 
AN a I \ »| 
af 2Z200LA1 Wie 
71 E ay ar 
< . save lees 
o oS EAS 


[Issued on December 21st, 1907. | 


LIST OF THE OFFICERS AND COUNCIL OF THE 


GEOLOGICAL SOCIETY OF LONDON. 


RRRARARRARARS 


ID eae 


Prestvent. 
Sir Archibald Geikie, K.C.B., Sc.D., D.C.L., LL.D., See.B.8. 


GicesPBrestdents. 


John Edward Marr, Se.D., F.R.S. 
Prof. William Johnson Sollas, Se.D., 
LL.D., F.RB.S. 


Aubrey Strahan, Se.D., F.R.S8. 


J.J. Harris Teall, M.A., D.Sc., F.B.S. 


Secretaries. 


Prof. William Whitehead Watts, M.A., 
M.Sc., F.R.S. 
Foretqu Secretary. 
Sir John Evans, K.C.B., D.C.L., LL.D., 
E.RB.S., F.S.A., F.L.S. 


| 
| 


Prof. Hdmund Johnstone Garwood, M.A. 


— Treasurer. 


Horace Woollaston Monckton, Treas.L.S. 


COUNCIL. 


Henry Howe Arnold-Bemrose, J.P., M.A. 


Prof. Samuel Herbert Cox, F.C.8., A.R.S.M. 
Sir John Evans, K.C.B., D.O.L., LL.D. 


FE.R.S., F.S.A., F.L.S. 
Prof. Edmund Johnstone Garwood, M.A. 


Sir Archibald Geikie, K.C.B., Sce.D., D.C.L. 


LL.D., Sec.R.S. 


Wilfrid H. Hudleston, M.A., F.R.S., F.L.8. 


Finlay Lorimer Kitchin, M.A., Ph.D. 
George William Lamplugh, F.R.S. 


Prof. Charles Lapworth, M.Sc, LL.D., 


F.R.S. 
Richard Lydekker, B.A., F.R.S. 
John Edward Marr, Sc.D., F.R.S. 


) 


P) 


Horace Woollaston Monckton, Treas.L.S. 
Frederick William Rudler, I.S.O. 


Prof.William Johnson Sollas, Se.D.,LL.D., © 


E.R.S8. 
Leonard James Spencer, M.A. 
Aubrey Strahan, Sc.1., F.R.S. 
Charles Fox Strangways. - 
J.J. Harris Teall, M.A., D.Sc., F.R.S. 
Richard Hill Tiddeman, M.A. 
Prof. William Whitehead Watts, M.A., 
M.S8c., F.R.S. 
Henry Woods, M.A. 
Arthur Smith Woodward, LL.D., F.R.S. 
Horace Bolingbroke Woodward, F.R.S. 


Assistant-Secretary, Clerk, Librartan, anv Curator. 
L. L. Belinfante, M.Sc. 


Assistants tn @flice, Library, and Museum. 


W. Rupert Jones. 


Clyde H. Black. 


Alec Field. 


STANDING PUBLICATION COMMITTEE. 
Sir Archibald Geikie, President. 


Prof. W. W. Watts. 
Prof. E. J. Garwood. 


Prof. 8. H. Cox. 

Dr. F. L. Kitchin. 
Mr. G. W. Lamplugh. 
Mr. R. Lydekker. 

Dr. J. H. Marr. 

Mr. H. W. Monckton. 


a 
J Secretaries. 


Prof. W. J. Sollas. 

Mr. L. J. Spencer. 

Dr. A. Strahan. 

Dr. J. J. H. Teall. 

Mr. H. Woods. 

Dr. A. Smith Woodward. 


EVENING MEETINGS OF THE GEOLOGICAL SOCIETY 
TO BE HELD AT BURLINGTON HOUSE. 


Sesston 1907-1908. 


1908. 
Wednesday, January .............0008 8*—22* 
43 February (Anniversary 
Friday, Feb. 21st)... 5*—19* 
a Mhareli raced asvdecsn wen 4*—18 
‘i Bs ones ABA nae se HS Eee 
a VERY coe a ek ok catia 6* —20 
4 CERO RAS 4 4 ooh Sane 3* —]'7* 


[Business will commence at Eight o’ Clock precisely each Evening. | 
The dates marked with an asterisk are those on which the Council will meet. 


Piak 


Vol. 63.] | INFERIOR OOLITE OF THE BATH-DOULTING DISTRICT. 383 


26. The Inrerior Oorrre and Conrievous Dzposits of the Baru- — 
Dovxtine District. By Linspatt Ricwarpson, F.G.S. (Read 
June 19th, 1907.) 


[Pirates XXVIIT & XXIX— Fossits. ] 


ConrTENTSs. 
Page 
TL, Ttrod tre tian Gos a2 des oe seocewelnassacesseteacccescaas 383 
Il. Subdivisions recognizable in the Inferior Oolite of the Bath- 
Donal ima cpp street oct Ja wince lu teendecagewedsees 386 
TET. Local Detatlar geese 2 528,255 ane, (he ok CEP ed ee emo et 389 
(1) The Doulting Area. 
(2) The Frome Area. 
(3) The Radstock-Bath Area. 
(4) The Stantonbury-Hill Outlier. 
IV. Correlation of the Strata of the Bath-Doulting District with 
those of Dumdipyvitall near Bristol ic. .2.2..c0.0cs5sc0-2cr-nese 420 
W. Conclusion Pee tage aida nrc cie nia delncevacedentensiense 422 
APPENDICES. 
T. On the Correlation of the Bath-Doulting Strata with those 
of Dorset by Sse UGKMAN, HGS...) ..c.cccteecees ocees 424 
II. Remarks on the Brachiopoda from the Fullers’ Earth, by 
LiyspaLL Ricuarpson, F.G.S., and the late Joun Francis 
W Ab KER, MEAS BeGrS., FCS: 2 ..cccceereececcnsencss 426 
III. On New Species of Amberleya and of Spirorbis, by LinsDALL 
RICHARD SO DRC SH eee cai 06 once Sacd Somalis. aeia maces sae dogecs 454 


I. Inrropucrion. 


THis paper contains a detailed account of the Inferior Oolite and 
contiguous deposits of the district between Bath and Doulting. 
The information hitherto obtained has been very well summar- 
ized by Mr. H. B. Woodward, and additional observations are also 
included in his memoir." 

Contributions to our knowledge of the beds have been made by 
Conybeare & Phillips,* Sir Henry de la Beche,’? W. Lonsdale,* 
Sir William V. Guise,’ H. B. Holl,° James Buckman,’ the Rev. 
H. H. Winwood,® Mr. 8. S. Buckman & the late Edward Wilson,?° 
and Mr. J. W. Tutcher,® while incidental references appear in 
communications by other authors. Mr. W. H. Hudleston has 
also given a brief description of the Inferior Oolite of this district 
in his ‘ Monograph of the British Jurassic Gasteropoda.’ ! 


1 «The Jurassic Rocks of Britain—The Lower Oolitic Rocks of England 
(Yorkshire excepted)” Mem. Geol. Surv. vol. iv (1894) pp. 87-99. 
2 * Outlines of the Geology of England & Wales’ pt. i (1822) pp. 253-55. 
3 Mem. Geol. Surv. vol. i (1846) pp. 287-92. 
+ Trans. Geol. Soe. ser. 2, vol. iii, pt. ii (1832) pp. 248-49. 
> Proc. Cotteswold Nat. F.-C. vol. ii (1859-60) pp. 170-75. 
§ Quart. Journ. Geol. Soe. vol. xix (1863) p. 309. 
7 Ibid. vol. xxxv (1879) pp. 736-43. 
8 Proc. Bath Nat. Hist. & Ant. ¥.-C. vol. iii (1874-77) pp. 129-35. 
® Quart. Journ. Geol. Soc. vol. lii (1896) p. 712. 
10 Proc. Bristol Nat. Soc. n. s. vol. x, pt. i1 (1903) pp. 150-68. 
11 «Gasteropoda of the Inferior Oolite’ Monogr. Palzont. Soc. pt. i (1887) 
pp. 54-56. ; 
QO. 3. G: S: Wo..252: QR 
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Thus it cannot be said that the Inferior Oolite of this tract has 
received scant attention: what it has not received has been a 
detailed investigation with a view to (1) ascertaining what beds are 
really present, (2) correlating the beds seen in the various sections, 
and (3) determining the equivalent deposits elsewhere. 

In this paper an endeavour has been made to give these details. 


(i) Geographical extent of the Inferior Oolite——North 
of Kilmersdon, near Radstock, and between there and Bath, the 
Inferior Oolite crops out along the sides of the valley occupied by 
the Somer, its tributaries, and the Bristol Avon between Twerton 
(near Bath) and Winsley (near Bradford-on-Avon). 

While to the east, near Bradford-on-Avon, the Inferior Oolite 
dips down and disappears beneath younger strata, to the west it 
gradually rises, cropping out in the hillsides of the much-dissected 
upland, and capping outliers situated in advance of the main 
escarpment. The outliers are Stantonbury Hill, the conical Barrow 
Hills, and the neighbouring eminence in Timsbury parish called 
Timsbury ‘ Sleight.’* Dundry Hill is mentioned by Conybeare & 
Phillips in their graphically-worded review of ‘the course of the 
oolitie hills in the vicinity of Bath,’* as another of these outliers. 
In this matter they were perfectly correct. As regards its Inferior- 
Oolite deposits of pre-Garantiane date, Dundry Hill is an outlier of 
that type of rocks which obtains in Dorset; but, as regards those of 
Garantiane and post-Garantiane date, it is essentially an outlier 
of the Doulting-Bath type. 

South of Kilmersdon the Inferior Oolite forms level tracts, 
wrapping round the eastern end of the Mendip Hills, and extending 
westwards on their southern side to within a mile or so of Shepton 
Mallet. In places it rests directly upon the Paleozoic rocks; and, 
where such is the case, it is frequently somewhat difficult at first 
sight to determine the actual line of junction. 


(ii) On the lower and upper limits of the Inferior- 
Oolite Series.—In the Bath-Doulting district there is no Inferior- 
Oolite deposit of pre-Garantiane date. 

The deposit of Garantiane hemera is, of course, the equivalent of 
the Upper Trigonia-Grit of the Cotteswold Hills. In the section by 
the side of the road, a quarter of a mile south of Midford Railway- 
Station, it is seen as a deposit 5 feet thick, and in all respects 
similar to the Upper Trigonia-Grit of those hills. But westwards, 
at Timsbury Sleight, and southwards at Wellow, the greater portion 
of the ‘grit’ is conglomerate—similar to the ‘ Maes-Knoll Con- 

1 Tn answer to an enquiry as to the probable derivation and meaning of this 
word ‘Sleight, Mr. Buckman informs me (éz /¢¢., September 4th, 1906) that 
‘Sleight is a variant of the English slide, coming froma Keltic base. There 
is Irish slaét, a sliding-place. Slade, as in Gurney Slade [near Binegar], 
and Slad Valley [near Stroud] are other forms. The Irish Slievh (said to 


mean a mountain, a slope, as in Slievh Beg) is an analogous form, and is 
equivalent to the English slip.’ 


2 <Qutlines of the Geology of England & Wales’ pt. i (1822) p. 253. 
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glomerate-Bed.’ Still farther south it is overstepped by the 
Doulting Stone, which at Hapsford Mills, near Elm, rests directly 
upon the Rhetic White Lias, the top-bed of which is conspicuously 
bored ; and in Vallis Vale, upon the well-planed, bored,-and oyster- 
covered surface of the highly-inclined Carboniferous-Limestone 
strata. In the valley between Egford Bridge and Broad Grove, 
Cloford, the Oolite rests in most places upon the Carboniferous 
Limestone, but sometimes—as the researches of that indefatigable 
geologist, Charles Moore, demonstrated—upon a thin deposit (only a 
few feet thick) representing a portion or the whole of the sediment 
laid down during the Rheetic and Liassic Periods at those particular 
places. 

On the south side of the Mendip Hills, in the railway-cutting at 
Doulting, a conglomerate-bed with Zerebratula spheroidalis (about 
16 inches thick) represents the Upper Tvrzgonia-Grit, and rests 
upon bluish, micaceous, shaly clays. 

The relationship of the Upper 7’rigonza-Grit to the underlying beds 
is interesting. In the well-known section at Leckhampton Hill, 
Cheltenham, the ‘ grit’ is separated from the Upper Liassic de- 
posits by beds measuring about 194 feet. In the neighbourhood of 
Wotton-under-Edge the thickness of the intervening beds is about 
48 feet; but at Midford there are no intervening beds—the Upper 
Trigonia-Grit rests directly upon the Midford Sands. In other 
words, when traced from north to south, the Upper Trigonia-Grit 
is seen to transgress the outcrop-edges of successively-older beds, 
and is itself overstepped in the immediate vicinity of the Mendip 
Hills by the Doulting Stone. 

Usually, where the Upper 7'rzgonia-Grit is present in the Bath- 
Doulting district, it rests directly upon the Lias. 

Generally speaking, immediately below the Upper Z'rigonza-Grit 
in that part of the district to the north of a line drawn east and 
west through Carnicote, near Timsbury, are the Midford Sands, 
which decrease in thickness from north to south. Along a narrow 
strip of country between this line and another drawn parallel to it 
about half a mile farther south, the ‘grit’ and the local Cephalopod- ' 
Bed—which occurs, not above the Sands as it does in the neigh- : 
bourhood of Wotton-under-Edge, but below—are in apposition. 

South of the last-named east-and-west line it would appear 
reasonable to suppose that the Upper TZrigonia-Grit rests upon 
whatever Middle and Lower Liassic deposits are present. In the 
railway-cutting near Mells-Road Station it reposes on blue shaly 
clays, from which water is thrown off. 

A short distance farther south the Upper Trigonia-Grit dies out, 
being overlapped by the higher beds, which, judging from the 
Geological-Survey map, pass on to the littoral Keuper and 
Paleozoic rocks in the neighbourhood of Mells village. Seeing, 
however, how many local erosions occurred during the time of 
formation of the Lias of the Radstock area, it is more than likely 


1 Called ‘ Carlingeott’ on the new Ordnance-Survey map. 
2¥ 2 
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that around that centre the transgression of the Upper Trigonia- 
Grit across the outcrop-edges of successively-older beds is not so 
regular as might be supposed from the foregoing remarks ; but, in 
the main, that is the relationship of the ‘grit’ to the underlying 
beds. 

Throughout the district dealt with, except, of course, where it has 
been removed by denudation in comparatively-recent times, the 
Inferior Oolite is succeeded by the Fullers’ Earth. My attention 
being directed to the Fullers’ Karth only when that deposit capped 
the Inferior-Oolite sections with which I was dealing, it follows that 
my researches in connexion therewith were far from exhaustive. 
So far as they went, however, they tended to show that there was 
no reason to suspect any overlap of the higher divisions when traced 
from south to north. 


- II. SusprvistoNs RECOGNIZABLE IN THE INFERIOR OOLITE OF THE 
Batu-Dovrtine District. 


The subdivisions recognizable in the Inferior Oolite of this district, 
together with the fossils which Mr. E. Talbot Paris and I collected 
from them, are shown in Table VI (facing p. 486); the micro-fauna 
of the Upper Coral-Bed, worked out by Mr. C. Upton, in Table IV 
(p. 413); and the fossils of the Fullers’ Earth in Table VII (facing 

436 


From Table I (below) it will be seen that, including the Upper 
Trigowia-Grit, six subdivisions of the Inferior Oolite can be 
recognized. Their equivalent beds in the Stroud and Cheltenham 
districts are also indicated. 


Taare I. 
Dovitine-Batu. Srroup. . CHELTENHAM. 
(Rodborough Hill.) (Cleeve Hill.) 
ap : 

; file (i) Rubbly Beds............ oe Oolite ) 
a Eo (ii) Anabacia-Limestones. (E. Witchell) ............ (ee ie 
B ae (iii) Doulting Stone ......... Olypeus-Grit .... 7 
Bt (iv) Upper Coral-Bed ......... Upper Coral-Bed ............(Occasional indications.) 
= 

Usually a 
RS | (v) Dundry Freestone ...... ( eu segue alee ees (Non-sequence.) 

(vi) Upper Trigonia-Grit ...Upper Trigonia-Grit ...... Upper Trigowia-Grit. 


ARR oe NN on - sequence. 


A 


AALENIAN 


wanting. Inferior-Oolite 


deposits 

of | 
pre-Garantiane 
date. 


L 
BaJocian 
and ; 
| 
| 


TOARCIAN. 


Toarcian. 
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(vi) The Upper Trigonia-Grit (Garantiane).—The geo- 
graphical extent and principal lithological characters of this deposit 
have already been noticed. 


(v) Dundry Freestone.—In the well-known quarry near 
Dundry Church these beds are actively worked. Above them are 
the ‘Coralline Beds,’ or Upper Coral-Bed; below them, as Sir 
William Guise discovered as long ago as 1858, is the equivalent of 
the Upper Trigonia-Grit.. But, while Sir William pointed out the 
correct position of the freestone-beds at Dundry, lack of more 
extensive knowledge led him to correlate them with the Doulting 
Stone and Anabacia-Limestones (of the present paper) of the 
neighbourhood of Limpley Stoke—strata which we now know were 
formed after the Upper Coral-Bed or ‘ Coralline Beds.’ 

At Maes Knoll, Dundry, the Dundry Freestone is not seen in sttu 
above the Upper Trigonia-Grit; but recently Mr. Talbot Paris and 
I found, among the rock thrown up in the Wansdyke, bored free- 
stone which we immediately recognized as Dundry Freestone. 

The Dundry Freestone has not been identified hitherto outside 
the Dundry area; but, in the admirable section in the trial-shaft at 
Timsbury Sleight, it was seen between the Upper Vrigonia-Grit and 
the Upper Coral-Bed. Here it was only 4 feet 3 inches thick, as 
against about 27 feet near Dundry Church. The freestone is also 
represented near English Combe (p. 416); but at Midford, and over 
the greater part of the Bath-Doulting district, it is wanting. 


(iv) Upper Coral-Bed (Truellii)—This deposit is of excep- 
tional interest, in that it marks a time when very similar conditions 
prevailed over the greater part of the West of England. It is 
typically developed at Midford, and is the equivalent of the 
‘ Coralline Beds’ of Dundry, and of the Coral-Bed of Rodborough 
Hill and Worgan’s* Quarry in the Slad Valley, near Stroud. 

The few records of corals in the list of fossils from the Inferior 
Oolite of the Bath-Doulting district (Table VI, facing p. 436) 
indicate very inadequately how individually numerous are the few 
species that do occur. This bed might be appropriately called the 
‘ Isastrea-Bed.’ Itis also of particular interest, in connexion with 
its micro-organisms—especially its micro-brachiopods. 

Mr. Charles Upton had, some time before I undertook the investi- 
gation of this district, obtained micro-brachiopods from the Coral- 
Bed of Worgan’s Quarry in the Slad Valley, similar to those which 
Charles Moore wes so successful in finding in the ‘ Coralline Beds’ 
of Dundry. My conclusion, that the coral-beds of Midford, 
Timsbury Sleight, Dundry Hill, and Worgan’s Quarry were con- 
temporaneous, was endorsed by Mr. Upton finding in material from 
the two first-named localities forms similar to those from the last 


* Proc, Cotteswold Nat. F.-C. vol. ii (1859-60) pp. 170-75. _ 
* Sometimes spelt.‘ Wordens.’ Mr. Upton tells me that ‘ Worgans’ is the 
more correct, and is probably a corruption of ‘ Virgins.’ 
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two; and was still further strengthened when he discovered in mate- 
rial from Rodborough Hill which I gave him-—found by knowing 
the true stratigraphical position of the Upper Coral-Bed—a similar 
assemblage. Of these fossils Spiriferina (?) oolitica, Moore, is the 
most important, being—on account of its frequent occurrence—a 
really useful zonal fossil. 

The remaining Inferior-Oolite beds may be grouped together as 
the Doulting Beds,* but they admit of subdivision into Doulting 
Stone, Anabacia-Limestones, and Rubbly Beds. 


(ii) Doulting Stone.—In the railway-cutting at Doulting 
this subdivision is 44 feet thick, and in that neighbourhood it is 
composed of the well-known Doulting Freestone’ and associated 
beds. The Douiting Freestone proper is only from 14 to 
16 feet thick, but is an excellent building-stone, and, although 
not so readily carved as the Bath Stone of Great-Oolite age, is 
said to be much more durable—Wells Cathedral and Glastonbury 
Abbey were mainly built of it. The rock is a grey and pale- 
brown, very sparry-looking limestone. The good building-stone is 
fairly compact, the component materials (mainly comminuted 
ossicles of Carboniferous-Limestone crinoids)* being well cemented 
together by secondary calcite, which-—according to Dr. J. J. H. 
Teall*—is in optical continuity with the organic fragments. 
Unfortunately, irregular cavities frequently occur, more or less 
along horizontal lines, forming ‘hollow beds,’ which, together with 
the false-bedding, make it necessary for the stone to be carefully 
selected. | 


(ii) Anabacia-Limestones.—These limestones are separated 
from the Doulting Stone, because of their distinct lithological 
structure—being white, and having the oolite-granules very even- 
sized—, and the abundance in them of the little coral Anabacia com- 
planata (Defrance). These faunal and lithological characters are’ 
very persistent over the whole of the district under consideration. 


(i) Rubbly Beds.—This term is employed for the want of a 
better, but it conveys a very satisfactory impression of the real 
character of the beds. They are typically developed at the 
Doulting-Bridge Quarry (p. 393) and in the workings north-east of 
Farmcombe (about a mile farther south). They remind one very 
forcibly, both as regards their lithclogical structure and their fauna, 
of the typical Clypeus-Grit of the Cotteswold Hills. 

In the matter of broad comparison it should be noticed that, 


1 Tt is hoped that, in order to prevent confusion, the terms ‘ Doulting Beds,’ 
‘ Doulting Stone,’ and ‘ Doulting Freestone’ will only be used. in the sense here 
suggested, 

sie Geology of the Kast Somerset & the Bristol Coalfields’ Mem. Geol. Surv. 
1876, p. 124. 

3 <The Jurassic Rocks of Britain—The Lower Oolitic Rocks of England 
(Yorkshire excepted)’ Mem. Geol, Surv. vol. iv (1894) p. 89. 

+ Thid. pp. 26-27 & 89. 
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whereas in this district the best building-stones come above the 
Upper Trigonia-Grit, in the hills around Stroud and Cheltenham they 
come below. 


III. Locat Daratts. 


For descriptive purposes the Bath-Doulting district may be divided 
into four areas, namely (1) the Doulting Area, (2) the Frome Area, 
(3) the Mells-Radstock Area, and (4) the Radstock-Bath Area. 

In the first of these the principal section is in the railway-cutting 
at Doulting ; in the second, in Vallis Vale; in the third, in the 
railway-cutting near Mells-Road Station; and in the fourth there 
are two, at Midford and Timsbury Sleight. 

A special portion of this paper is devoted to a brief consideration 
of the beds at Dundry Hill and their equivalents in the Bath 
Doulting district. 


(1) The Doulting Area. 


By the Doulting area is meant that tract which lies between the 
Wanstrow Fault and the Paleozoic rocks of the Mendip Hills, and 
in which are situated the villages of Chesterblade, Doulting, and 
the Cranmores. 

Among architects and builders Doulting is very well known for 
the excellent freestone which is obtained from the Inferior Oolite 
of the neighbourhood. The freestone-beds come above the ‘ Con- 
glomerate-Bed’ or Upper Z'rigonia-Grit, and are equivalent to 
the lower portion of the Clypeus-Grit of the Cheltenham district, 
and to the Clypeus-Grit (of EK. Witcheil) of the neighbourhood of 
Stroud. 

James Buckman thought that the Doulting Freestone was of 
the same age as the Ham- Hill Stone and the Midford Sands of 
Midford’; but, as Mr. H. B. Woodward points out, the Doulting 
Beds ‘ probably all belong to the upper division of the Inferior 
Oolite,’ and ‘cannot in any case be grouped with the Ham-Hill 
Stone, as sugg gested by Prof. Buckman’ *—a deposit probably of the 
hemera Moorei.* 


(A) Doulting Railway-Cutting. 


The chief section in the Doulting area is that in the railway- 
cutting to the north of Doulting. The top-beds are difficult of 
access ; but, fortunately, they can be easily examined in a quarry 
close to the line. A detailed record of the beds seen in the railway- 
cutting is tabulated on p. 390. 

The bottom-bed of the Inferior Oolite, the ‘ Conglomerate-Bed,’ 
is precisely similar, as regards lithological structure, to the ‘ Con- 
glomerate-Bed’ of Wellow, Timsbury Sleight, and Maes Knoll, 


1 Quart. Journ. Geol. Soc. vol. xxxv (1879) p. 740. 

2 <The Jurassic Rocks of Britain—The Lower rae Rocks of England 
Yorkshire excepted)’ Mem. Geol. Surv. vol. iv (1894) p 

3 §.S. Buckman, Quart. Journ. Geol. Soc. vol. xlv aso) p. 449. 


Railway-cutting, Doulting (3 furlongs south of Doulting Church). 


Thickness in feet inches. 


Fouuters’ Hartu...... Clay, pale-grey and yellow................65 
( I. Rupsiy Bens. Limestone, pale-brown, rubbly, mixed 
(8 feet.) with alittle marl. Difficult of access: 

| esbiima bedi Ne eae ne 8 0 
Il. Anapacra- Limestone, somewhat sparry, white, with 
| LIMESTONES. even-sized oolite-granules. Top-bed 


4 (3 feet 2 inches.) bored by Lithophagi, and less com- 
monly byannelids. <Anabacia compla- 
| nata (Defrance), Strophodus magnus, 
\ 


Dovuutine Buns. 


Agassiz. Trigonia, sp. indet.: 1 foot 
4 inechesstoyo teet.<s .ce.weeeeeeees eaacee 3 2 
III. Dovtrine Stonz. a. Limestone, brownish, slightly oolitic. 
(44 feet. ) At the western end of the cutting this 
deposit is massively-bedded (with a 
pebbly layer at the base), and at the 
eastern end is a whitish, more generally 
oolitic, flaggy limestone, which has the 
top-portion much bored by annelids 
(sometimes to a depth of 8 inches), and 
less so by Lithophagi. Oysters occur on 
the upper surface: 2 feet 8 inches to 
NOME crs). eds. v ences peaeeatantes teas 6 6 
6. Limestones, brownish, oolitic, mas- 
sively-bedded in places, but on the 
whole not weathering well; top-bed 
omecRimplaces: j...2.0:--se-eeaen seen soe Ze 0 
c. Limestones, brownish, oolitic, mas- 
sively-bedded, with a ‘ hollow bed’ at 
HMERTO MERE Ben sc s  Shinkta ss sous tewecuaeeerbene 7 6 
. Limestones, brownish, not so thickly- 
bedded, having more conspicuous marly 
partings. Pecten (Syncyclonema) de- 
missus, Phillips, very common in the 
upper part; large Nawtilus ............ 16 0 
mrrrrrrnrnrarrrrmrararaacaaneaere (Non-sequ’ence: Upper Coral-Bed and 
Dundry Freestone absent.) 


VI. Upper Trreonza- The ‘Conglomerate - Bed.’ Limestone, 
Grit. pale-grey, crystalline, containing peb- 
(16 inches.) bles of a yellow-stained limestone, and 
of a pale-grey, fine-grained sandstone, 
much bored by Lithophagi, and fre- 
quently having Serpule in the crypts; 
Terebratula spheroidalis, Sow. (abun- 
dant, especially in the lower portion 
of the bed), Pecten (Syneyclonema) de- 
missus, Phillips, Nautilus sp., Peri- 
sphinctes ef. Davidsoni, 8. Buckman, 
Belemmites (fragments) .....-.--....c.00. 1 4 


(Non-sequence: the whole of the Bajo- 
cian and Aalenian and part of the 
Toarcian are absent.) 

Uprur Liassic Criays. Clays, bluish, micaceous, arenaceous, 


(Pre-striatuli, post- SIM yee MSEC. 2 'n..'. 2's sede unsclaeneraraceonee eee 2 0 
bifrontis.) : 


BATHONIAN. 


Qy 


PAAR 


TOARCIAN. 


1 In an exposure in the bank by the roadside, where the main road descends the 
escarpment to the west of Doulting, a remnant of the Striatulwm-Beds was seen 
immediately below the Upper Trigonia-Grit. In lithological structure it closely re- 
sembled the harder portions of the equivalent deposit at Timsbury Sleight (see p. 415), 
and contained Rhynchonella Moorei, Day., Rh. aff. jurensis, Dav., non Quenstedt, and 
fragments of Grammoceras (probably Gir. toarciense). 
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Dundry. Since this stratum has only been observed in the Doulting 
area in the railway-cutting, and at a small wayside exposure about 
a quarter of a mile away to the west-north-west, not much can be 
said concerning its geographical extent. But probably, in ap- 
proaching the Mendip Hills, it is overstepped by the Doulting Stone, 
while to the south it loses its conglomeratic characters. 

With regard to the deposits upon which the ‘Conglomerate- 
Bed ’ rests, ‘put little information has been obtained. Probably, as 
is the case between the Mendip Hills and Bath, they are of very 
different dates. 

In the railway-cutting there is no deposit visible worthy of the 
name of ‘ Sands,’ as at Timsbury Sleight, near Radstock. The ‘Con- 
glomerate-Bed’ rests directly upon arenaceous shaly clay, off which 
water runs. That ‘Sands’ are present in the neighbourhood, 
however, is apparent from the researches of Mr. H. B. Woodward 
and Mr. W. H. Hudleston. In the now grass-grown slopes of 
the western portion of the railway-cutting, Mr. Woodward * has 
recorded the following succession :— | 


‘ (Thin sandy and argillaceous marls. 
| Light-coloured ironshot limestone, with small, irregular, brown cal- 
About | careous and ferruginous nodules. Terebratula. 
200 feet. » Yellow, oolitic, shelly limestone, with sand ; some beds 18 inches in 
| thickness. Belemnites. 
\ Brown, ironshot, sandy limestones. 


Midford Sands,’ 


Whatever sand-deposit is present, it is not now visible, and, 
moreover, it is capped by a clay-deposit upon which the ‘ Con- 
glomerate-Bed’ rests. This superposition of a clay-bed upon the 
‘Sands’ is reminiscent of the succession of beds at Crickley Hill, 
near Cheltenham, where the Scisswm-Beds are separated from a 
sand-deposit by clay 1 to 2 feet thick.? 

The clay-bed and underlying ‘Sands’ in the Doulting railway- 
cutting are post-bcfrontis and certainly pre-Struckmanni—probably 
pre-striatuli. Deposits of falciferr and bifrontis hemerze are seen 
in a quarry at Mays Down, about a mile and a half to the south of 
Doulting, with the massive Marlstone of spinate date below.’ 

Immediately below the ‘ Conglomerate-Bed, in a small exposure 
in the bank by the side of the main road, where it descends the 
escarpment between Doulting and Shepton Mallet, I observed (in 
1905) a bed not present in the railway-cutting at the place where 
I examined the junction of the Lias and Inferior Oolite. This 
stratum was a brownish ironshot limestone, in all respects similar 
to the harder portions of the deposit of striatule hemera at Tims- 
bury Sleight. It yielded fragments of a Grammoceras, probably 
Gr. toarcienseé, and also two species of the genus Rhynchonella. 
There is no doubt about its age; it is of the striatule hemera. 


1 «Geology of the East Somerset & the Bristol Coalfields’ Mem. Geol. Surv. 
1876, p. 124. 

2 Proc. Cotteswold Nat. F.-C. vol. xv, pt. iii Cee p. 184. 

3 Geol. Mag. 1906, p. 368. 
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It is possible that the clay-bed in the cutting is a later deposit 
than this stratum, and that the latter may be a continuation of one 
of those hard beds such as Mr. H. B. Woodward observed above the 
Midford Sands. Mr. Hudleston, however, has obtained, from some- 
where near Cranmore, ammonites! which Mr. 8. 8. Buckman has 
recently informed me indicate Struckmanni hemera. Consequently, 
there appear to be Midford Sands in the neighbourhood of that 
village, of later date than the bed of striatudi hemera seen in the 
wayside section. The facts, when graphically represented, suggest 
an elevation, with the greatest uplift to the north-west or there- 
abouts, and erosion (Bajocian denudation), followed by the non- 
sequential deposition of the ‘ Conglomerate-Bed.’ Above the ‘ Con- 
glomerate-Bed’ in the railway-cutting come the Doulting Beds— 
the Dundry Freestone and the Upper Coral-Bed, which have a 
maximum thickness of about 35 feet, are absent. 


Fig. 1.—Diagram, to show the probable relationship of the ‘ Con- 
glomerate-Bed’ to the underlying deposits in the nerahbourhood 
of Doulting. 
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The Doulting strata, which succeed the ‘ Conglomerate-Bed’ 
in the Doulting area, are divisible into two parts—a lower, 
the Doulting Stone, composed of the Freestone and associated 
beds, and an upper, the Anabacia-Limestones. The occasional 
occurrence of oysters on the upper surfaces of some of the component 
strata of the Doulting Beds, and the borings of Lithophagus inclusus 
(Phillips) and annelids, are, of course, indicative of the formation of 
the rocks in shallow water not far from land; but they also point 
to slight non-sequences. 

The Anabacia-Limestones, which, owing to their whiteness, even- 
sized oolite-granules, and numerous casts of Anabacia complanata, 
are so readily recognized, vary much in thickness in this section. 
Their top-bed is completely riddled by Lithophagi and annelids, and 
usually internal casts of the mollusks remain in the crypts. 

The Rubbly Beds are not at all easy of access in the cutting, but 


1 “Monogr. Inf. Ool. Ammonites Brit. Is.’ pt.iv, Palzont. Soc. (1890) p. 168. 
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can be examined with facility in a quarry immediately to the south, 
and also in one at the head of Farmcombe, three-quarters of a mile 
still farther south. 

That portion of the Doulting area which lies south of the 
railway-line may be considered first. 


(B) Doulting-Bridge Quarry. 


The quarry close to the bridge over the cutting I have called the 
‘ Doulting-Bridge Quarry,’ and the section observable there is as 
follows :— 
Thickness in feet inches. 
Fouuters’ Harru... a@. Clay, pale-grey and yellow, with dark 
patches; Terebratula globata, auctt., non 
Sow.,! Aulacothyris Mandeislohi (Oppel), 
Acanthothyris nudfordensis, sp. nov., Tere- 
bratula doultingensis, sp. nov., T’. spheroid- 
alis, Sow. (immature), ¢ Belemnites (Belem- 
nopsis) parallelus, Phil., B. (B.) bessinus, 
d’Orb., Berenicea cf. verrucosa (M.-Edw.), 
Serpula plicatilis, Minster (in Goldfuss), 
Ostrea Knorri, Voltz, Goniomya angulifera 
(Sow.), ? Alectryonia, sp. indet. .............6. 4 0 
b. Limestone, white, rubbly, earthy, in several 
beds mixed with clay; Pholadomya ovalis 
(SDT) eS CCAR Ree SEE ee aoa 1 
. Clay, pale-yellow, with dark patches, and 
a conglomeratic deposit at the base which 
infills crevices in the bed below. At the 
base is a layer of a reddish sandy material. 
Some of the fossils of Bed @ occur also in 


ass) 
Lo 


I. Ruzssty Beps. Limestone, pale-brown, rubbly, oolitic, mixed 
with a little marly matter; Ammonites 
(Perisphinctes) cf. evolutoides, Siemiradzki, 
Holectypus hemisphericus (Agassiz), ? Lucina 
clypeata, Witcheil, ? Protocardia clypeata 
(Witchell) internal cast, Jsocardia minima, 
Sow., Volsella | = Modiola] gibbosa (Sow.), 
Pleuromya Goldfussi (Lycett), .Corbicella 
complanata, Lycett, Berenicea ( Clypeus-Grit 
form), Rhynchonella hampenensis, 8. 

~ Buckman, Tercbratula globata, auctt., non 


Sow., Acanthothyris spinosa (Schlotheim).. 4 0 
Marly, sandy layer: 0 to 6 inches .....:...... 0 3 
II. Awapacta- a. Limestones, rubbly, yellowish-grey, shelly | 


Limestones. at the base: 1 foot 7 inches .................. 
~~ 6, Similar bed, but with fewer shell-fragments. 
¢. Limestone, greyish-yellow, oolitic; Tere- | 
bratula (probably ‘ T. globata’), Trigonia; + 6 3 
' Anabacia complanata common along a hori- 
zon at 6 inches above the base: 3 feet...... 
d. Chocolate-coloured clay-parting: 0 to 2 
STN Pe eS eS OR oa Seca ceacs sede oninmees ) 
III. Dovitine a. Freestone, yellowish-grey, bored at the top 6 0 
STONE. 6, Freestone, with two well-marked partings 
and a ‘hollow bed’ at the base ............... 10 0 
c, Freestones, massive, which have been cut 
QOuED HN@ S27 eae eee = oe a Roe 


1 See p. 433. 
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The Doulting Stone and Anabacia-Limestones need no particular 
comment, as they are similar to their equivalents in the railway- 
cutting; it is the Rubbly Beds that require attention. At one 
period of my investigation I was inclined to think that these 
Rubbly Beds were equivalent to the whole of the Clypeus-Grit of 
the Cheltenham district. The general resemblance in lithological 
characters, and the abundant occurrence of the form of Terebratula 
globata, auctt. so prevalent in the Clypeus-Grit of the Cotteswold 
Hills at Doulting-Bridge and Farmcombe Quarries, seemed to compel 
such aconclusion. But later, after I had collected typical examples of 
Clypeus Agassiz from the Doulting Stone of Vallis Vale, near Frome, 
and had identified the equivalent deposits in the Stroud district 
by carefully following the beds from Doulting to Stroud, I found 
that the Doulting Stone was the equivalent of the ‘Clypeus-Grit’ of 
the Horton-Rectory Quarry, in the South Cotteswolds, and of the 
Scar-Hill section, near Nailsworth, and the Anabacia-Limestones 
of E. Witchell’s ‘White Oolite’; while, in the incipient rubbly 
condition of the top-portion of the White Oolite in the Wotton- 
under-Edge and Stroud areas, it was possible to recognize the probable 
equivalent of the Rubbly Beds. 

The Fullers’-Earth beds, which cap the section, are very fossili- 
ferous. The species which occur, except the Aulacothyris, are 
individually numerous, and this renders the non-record of Ornithella 
and Ethynchonella Smitha all the more noticeable. Probably these 
particular Fullers’-Karth beds are of somewhat earlier date than 
those in which the Ornithella and Rhynchonella usually occur. 

A little less than three-quarters of a mile to the south of the 
Doulting-Bridge Quarry, by the side of the Evercreech road, is a 
small quarry in which the following strata are exposed :— 


QUARRY BY THE ROADSIDE, NEAR HARMCOMBE. 


Thickness in feet inches. 
I. Russty Bens. Limestone, pale-brown, rubbly, oolitic; Zere- 
bratula globata, auctt., non Sow., Pleuromya 
Goldfussi (Lycett), Holectypus hemispher- 


LCUS EMSC CIMMEP Siac ond abut 4.4 osnreceaemeeeeee nea 2 0 

Marly oolinlerdeposit ©.) ...1..Jmaseceecmenere 0 4 
Il, AwnaBactra Limestones, brownish, oolitic, shelly at the 
LimEsTones. base, where Acanthothyris spinosa is not 


uncommon ; Pecten (Syncyclonema) de- 
missus, Phillips (nearest to), at 5 feet 


NOMIC Me ShMO Wa ac. h.2: vac ecu dec euemederesseenee 8 6 
III. Dovutting Limestone, brownish, less hard, but more 
STONE. massively bedded, top-bed bored by Litho- 
PRAGUSEMCNISUSY, SECM... coc cuts-macseceec yO 


In this section there is no doubt that the top-beds belong to the 
lower portion of the Rubbly Beds, but the strata upon which they 
rest differ considerably from the Anabacia-Limestones with which 
their stratigraphical position requires them to be paralleled. The 
same remark applies to the equivalent beds exposed in the large 
quarry in the field on the left-hand side of the road a little farther 
south, which I call the ‘ Farmcombe Quarry.’ 
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(C) Farmcombe Quarry. 


Thickness in feet inches, 
Fuuters’ Eartn... Clay, pale-grey and yellow, with bluish-grey 
patches; TZerebratula globata, auctt., non 
Sow., 7’. doultingensis, sp. nov., 7’. spheroid 
alis, Sow. (immature), ‘Acanthothyri is mid- 
fordensis, sp. nov., A. doultingensis, sp. nov., 
‘Rin ynchonella voluta, sp. noy., Lh. plateia, 
sp. nov., Aulacothyris Mandelslohi (Oppel), 
Zeilleria emarginata (Sow.), Serpula volu- 
bilis, Minster (in Goldfuss), S. plicatilis, 
M. (in Goldf.), S. quadrilatera, Goldf., 
Stomatopora Waltoni, Haime, St. aff, Wal- 
toni, Haime, St. sp., Berenicea compressa 
(Goldfuss), B. ef. verrucosa (M.-Edw.), 
Pholadomya ovalis (J. Sow.), Ostrea 
Knorri, Voltz, Ostrea sp., Belemnites 
(Belemnopsis) bessinus, @Orb., ?B. (B.) 


parallelus, Pirillips; seeM ....2..+-.-...s2:+0: 2 0 
Limestone, rubbly, white, mixed with clay; 
EMEA LOM SAY Oh Santas atieje Saxlasving uabiclonsidn nnn vo 1 0 


I. Russity Beps. Limestone, pale-brown, rubbly, oolitic ; full of 
Terebratula globata, auctt. (Clypeus-Grit 
form), especially at 4 feet 4 inches down, 
Ethynchonella hampenensis, S. Buckman, 
Acanthothyris spinosa (Schioth.), Pleuromya 
Gold fussi (Lycett), Holectypus hemisphericus 


(ACE SELIG) Bs BRM a Ae. pen Weal ears eee 5 6 
IMIEIMARENACCOUS 25s cvaeccemcna's .actesccacee song's O 3 

II. Anapacta- Limestone, hard, brown, oolitic; top-bed 
LiMESTONES. bored and covered with oysters. ............ 7 6 

III. Dov.tine Similar limestone, with much-bored and 
STONE. oyster-covered top-bed; seen ............08. 8 0 


The Doulting Stone is worked in a quarry, in a field on the hill- 
side, about half a mile west of Chesterblade. 

About a quarter of a mile north-north-west of Chesterblade is a 
small quarry. From the rubble and clay which caps this section I 
obtained Ornithella cadomensis (Ki. Desl.), O. ornithocephala (Sow., 
pars), Lthynchonella Snuthi, Walker, and Posidonomya opalina, 
Quenstedt. These fossils, I think, were not in situ, but had been 
derived from the Fullers’-EKarth Rock which forms the high ground 
on both sides of the little valley. 


(D) Doulting Quarry, ete. 


North of the railway-line quarrying operations have been very 
extensive, although most of the workings are now abandoned. The 
best section in the area at the time of my visit was that in a quarry 
on the east side of the road between Doulting and Cheylinch (p. 396). 

The lowest bed seen in the quarry is called the ‘ Ragstone’ or 
‘Rag-Bed’ by the quarrymen. Then comes the Doulting ‘ Free- 
stone, capped by the ‘ Hard ’—a coarse, rarely-oolitic limestone. 
The Anabacia-Limestones, which succeed, are locally called the 


BATHONIAN. 


Sequence between Doulting and Cheylinch. 


(Quarry—disused—on the west side of the 
Doulting-Cheylinch Road.) 


Thickness in feet inches. 

Fuuters’ HArru...... Clay, pale-grey and yellow; ‘ Terebratula 
globata, Acanthothyris midfordensis, sp. 
nov., / Alectryonia (fragment), Ostrea 
Knorri, Voltz, Serpula volubilis, Miin- 
ster, S. plicatilis, Minster, Goniomya 
angulifera (Sow.), Belemnites (Belem- 

MO PSIS\"BCSSINUS, COD casces.e.neseneens 2 6 

I. Awapacra- Limestone, white, oolitic; seen............ i 0 

Lim=stTones.. 


Doulting Quarry. 


(Quarry—in work—on the east side of the 
Doulting-Cheylinch Road.) 


Subsoil, clayey at the top .................. 1 9) 
Il. Anapactra- Limestone, white, oolitic, sparry, some- 
Limustones. © what rubbly in the upper portion, 


—_— O_o. 


(About 5 or 6:feet.) but flagey and more regularly-bedded 
; velow. Fossils abundant in a zone 

1 foot thick, commencing at 20 inches 

above the Doulting Stone; Tere- 

bratula (probably ‘ T. globata’), Pecten 

(Syncyclonema) . demissus, Phillips, 

i Trigonia costata (Sow.), Ostrea, Litho- 
phagus imclusus, Anabacia complanata, 

| Strophodus magnus, Agassiz. Called 


Dovutine Brps. 


5 | by the quarrymen ‘ Ridding’............ 5 0 
| III. Dovttine Stone. a. ‘Hard. Suitable for rough masonry, 
\ (44 feet.) but generally burned. Freestone, 


coarse, pale-yellow and greyish, rarely 
oolitic, with much calcite crystallizing 
out in the cavities; Pzeria digitata (Des- 
longchamps), Limea duplicata (Sow.), 
Homomya ef. crassiuscula, Morris & 
Lycett, Strophodus magnus, Agassiz, 
Serpula ef. limax. ‘Top-bed bored by 
Lithophagi; it has oysters adhering, 
Wauerwonwes oy LO 4 feeb, eteescdsnee 3 6 
6. Doulting Freestone. Freestone, 
pale-brown and grey, highly calci- 
ferous, often without partings; 14. to 
ORCC EMER eth hci 6s « osicninbs anbtre palate helambaure4 16 =O 
c'. Limestone, yellowish-grey, compact, 
splintery, obscurely oolitic, with dark- 
yellow staining along thecracks. The 
top-portion is bored, oyster-strewn, 
and contains pebbles of a greenish 
rock. By the quarrymen this stone is 
called the ‘ Ragstone,’ and therefrom 
Mr. S. S. Buckman records ‘ Rhyn- 
chonella subtetrahedra’ and ‘ Trigonta 


COSLOUGUPHSEETE, 3)... vale Vaden uaWe ache ae vesoree 1 ) 
[c'’. Limestone, not exposed, but in rail- 

NUK CMICEUMO a. sc .4 ns ensue nee beet 6 6 
d. Limestone, not exposed, but in rail-— - 

WA WeCUIEUIINE heevicicos detuaich ae htce sldecenn gs 16; :;;.0 


rrr rm (Non-sequence: Upper Coral-Bed, - 

Re and Dundry. Freestone absent.) 

VI. Urrzer Trigonz4a- The ‘Conglomerate-Bed” ............0..006 LE 
Grit. 
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‘Ridding’'; they are worthless, and generally burned for lime. 
The clayey soil above the Anabacca-Limestones indicates that the 
Fullers’ Earth has only been recently denuded, and was improbably 
separated from the Anabacia-Limestones by any considerable thick- 
ness of rock; and, except that the topmost portion of the Limestones 
is somewhat rubbly, there is no evidence of the Rubbly Beds. In 
the disused quarry on the other side of the road (west side), Fullers’- 
Earth clays, which yielded the fossils mentioned on p. 396, are 
seen resting directly upon the Anabacia-Limestones, so that the 
Rubbly Beds are absent. 

Although fossils are by no means specifically or individually 
numerous in the Inferior Oolite of the Doulting area, a good many 
specimens have been obtained. The most interesting discoveries 
were those of Dictyothyris Moriert (Davidson) by John Phillis, of 
Shepton Mallet, and of “Ammonites Parkinsoni’ by Charles Moore. - 

Dictyothyris Moriert is a very rare fossil, and the specimen ob- 
tained by Phillis is a particularly-large example. It is now in the 
Natural History Museum, South Kensington (No. B 16877). 

The ammonite found by Moore is in the Moore Collection at Bath. 
I am indebted to the Rev. H. H. Winwood for most kindly lending 
the specimen to me. From the matrix, it seems most likely that it 
came from the Anabacia-Limestones ; but, of course, I do not deny 
the possibility that it may have come from the ‘ Rag-Bed’ or ‘ Rag- 
stone,’ as the legend on the tablet bearing the specimen asserts it 
did. Mr. 8. 8. Buckman, to whom the specimen was submitted for 
examination, identifies it as Parkinsonia cf. Schleenbachi, Schlippe, 
and reports (in litt., February 3rd, 1907) :— 

‘It is not easy to judge this fossil, but it looks like forms I have from the 
Clypeus-Grit. 1 should say it indicated a later date than the Parkinsonia of 
the Truellit hemera.’ 

North of the Cranmores the Inferior Oolite oversteps the Lias, 
and rests directly upon the Paleozoic rocks; but, for an extent of 
about half a mile between Hast Cranmore and Leighton, it is repre- 
sented on the Geological-Survey map as overstepped by the Fullers’ 
Earth, which there rests upon the Carboniferous Limestone. 


(2) The Frome Area. 


The area between Leighton and Oldford, or the Frome area, as it 
may be called for descriptive purposes, is of exceptional geological 
interest. ‘lo convey a general idea of this area | cannot do better 
than quote Conybeare’s well-expressed observations.?. He says that 
‘an uniform and elevated plain of the Inferior Oolite spreads over its whole 
surface, furrowed by valleys about 150 or 200 feet deep, which expose the Mountain 
Limestone. The character of many of these valleys (particularly of that 


between Mells and Frome and its lateral branches) is highly romantic; the 
streamlets that flow through them being skirted by bold and rocky banks 


1 J am indebted to Mr. 8. 8. Buckman, who visited the locality in 1888, for 
these quarrymen’s names. Ps 

2 W. D. Conybeare & W. Phillips, ‘ Outlines of the Geology of England & 
Wales’ pt. i (1822) pp. 204-55. 
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overgrown by feathering woods; while the geologist observes, as a feature of 
peculiar interest in their precipitous escarpment, the actual contact of the hori- 
zontal bed of Inferior Oolite resting on the truncated edges of strata of Mountain 
Lime[stone], thrown up in an angle of from 50 to 60 degrees. This line of 
contact is sometimes perfectly level for a considerable distance (as if the edges 
of the Mountain- Limestone strata had been rendered smooth by some 
mechanical force abrading them previously to the deposition of the Inferior 
Oolite), but in other instances it is rugged and irregular ; sometimes the contact 
is marked by a breccia of fragments of the older, cemented by the newer rock, 
but this is by no means constant.’ 


Sir Henry de la Beche noticed the ‘ marked even surface’ of the 
Carboniferous Limestone ; borings 


‘of two kinds, one long, slender, and often sinuous, extending several inches 
into the Carboniferous Limestone, the other entering that rock a short distance 
only’; and ‘on the top of the hill between Holwell and Leighton oyster- 
shells, of the date of the Inferior Oolite, adhering to the old surface of 
Carboniferous Limestone. ...’ (Mem. Geol. Surv. vol. 1, 1846, p. 289.) 


Mr. W. H. Hudleston is quite correct in assigning a Clypeus-Grit 
age to the Inferior Oolite which rests directly upon the Carboni- 
ferous Limestone in the well-known section in Vallis Vale’; and 
Mr. H. B. Woodward rightly recognized that, on Nunney Common 
and near Little Elm, there are beds ‘ like the Doulting Stone.’ ” 

It is very doubtful whether the Upper 7’regonia-Grit equivalent 
ever extended right across the eastern end of the Mendip Hills; in 
most places the Doulting Stone rests directly upon the Carboniferous 
Limestone. I have only observed rock, which is most likely of 
Garantiane hemera, at two places in Whatley Combe—in the large 
quarry to the north of the inn at Holwell, and at Moore’s ‘ Marston- 
Road section.’ In that near the inn, the probable representative of 
the Upper Zrigonia-Grit is an intermittent bed (measuring up to 
6 inches in thickness, and full of Acanthothyris spinosa), which rests 
upon a level, oyster-covered, and bored surface of highly-inclined 
Carboniferous Limestone. The Upper 7'rigonia-Grit also has a water- 
worn and oyster-covered upper surface, and this rather upholds the 
view that it is that deposit, because, as already mentioned, the top- 
portion of the Upper Zrzgonia-Grit often exhibits these phenomena, 
which point to a non-sequence. In the present case, the Dundry 
Freestone and apparently the Upper Coral-Bed are wanting, the 
Doulting Stone resting non-sequentially upon the Upper Z'rigonia- 
Grit. Some of the marly material which parts these last two 
subdivisions was sent to Mr. Charles Upton to be washed, on the 
possibility of its containing the zonal fossil Spariferina (7) oolitica ; 
but neither this nor any other micro-organism was found. From 
this quarry I have fragments of the ammonites Parkinsomea aff. Par- 
kinsoni (Sow.) and P. densicosta (Quenstedt). They indicate Truellic 
hemera, wherefore if they came from the Doulting Stone, then 


1 *Gasteropoda of the Inferior Oolite’ Monogr. Paleont. Soc. pt. i (1887) 
p. 54. 

2 «The Jurassic Rocks of Britain—The Lower Oolitic Rocks of England 
_ (Yorkshire excepted)’ Mem. Geol. Surv. vol. iv (1894) p. 90. 
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this deposit is of 7T’ruellic hemera along with the Upper Coral-Bed. 
Fortunately, the Marston-Road section is not yet overgrown, as is 
the case with so many of the exposures described by Moore. The 
capping of the section is a bed of horizontal Inferior Oolite, 2 feet 
thick, rather dense and conglomeratic at its base, but containing 
many organic remains of that age.’ The occurrence of Pecten 
(Syncyclonema) demassus, Phillips, Acanthothyris spinosa (Schloth.), 
Terebratula (probably 7’. globata, auctt.), Isocardia sp., Triqonia 
sp. indet., and an Ostrea, together with the lithological structure, 
point to a deposit of Garantiane hemera. This rests upon ‘a very 
dense unstratified deposit of Liassic age,’ the precise date of which 
has not been ascertained, although Moore believed it to be ‘ about 
that of the passage of the Lower into the Middle Lias’; while below 
it, and separating it from the Carboniferous Limestone, are Rhetic 
beds barely a foot thick. 

Although in most of the Whatley-Combe sections, and in those 
in the immediate neighbourhood, the Doulting Beds rest directly 
upon the Carboniferous Limestone, there are places—besides the 
quarry north of the inn at Holwell and the Marston-Road section— 
where they do not. That this is so is obvious from the valuable 
researches of Charles Moore, who found, somewhere near Whatley, 
a Liassic deposit only a few feet thick, extremely fossiliferous, 
nevertheless, in the lower portion, parting the Inferior Oolite from 
the Carboniferous Limestone. Such Liassic deposits as these are 
not representative of the whole of the series, as developed, for 
example, in the Cheltenham district, but only of parts. During 
Liassic times, and particularly in the vicinity of the Mendip Hills, 
pene-contemporaneous erosions of the Liassic beds were frequent. 
Even in the thin deposit near Whatley there may be more than one 
non-sequence. Certainly the passage from the Lias to the Inferior 
Oolite is not sequential; there is a considerable break between 
them, due to the Bajocian denudation. In the section near Whatley 
no noticeable unconformity apparently marked the junction of the 
Inferior Ootite and the Liassic Series. In the quarry at the back 
of the inn at Holwell, however, there is one of Moore’s ‘ dykes,’ in 
which vertical infillings of Lias and Rhetic are overlain by hori- 
zontal Inferior Oolite. The history of this ‘dyke’ seems to be 
somewhat as follows :—First a fissure in the Carboniferous Lime- 
stone was infilled in Rhetic times by a deposit consisting of a pale 
greenish-yellow marl, with small quartz-pebbles and Rheetic verte- 
brate-remains. ‘This fissure was widened about the marmorec 
hemera, as appears to be indicated by the occurrence of Ornithella 
sarthacensis (d’Orb.)* in the rock flanking the Rhetic deposit. 
A still further opening occurred about the gmuendensis hemera, 
judging by the introduction of rock and clay (some of which 
Mr. Upton washed, without, however, finding any micro-organisms) 
containing Spiriferima Walcotti. On the top of this ‘dyke,’ and 


1 ©. Moore, Quart. Journ. Geol. Soc. vol. xxiii (1867) p. 482. 
2 = Terebratula perforata, auctt. (teste 8S. 8S. Buckman), 


Q. J.G. 8. No. 202, 26 
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resting thereon unconformably, are Inferior-Oolite limestones. 
These facts show that at, this locality, at all events, the sequence 
from Lias to Inferior Oolite is incomplete, and that movements 
along the Mendip axis were not infrequent in early Jurassic times. 

On Nunney Common the Doulting Beds rest directly upon the 
Carboniferous Limestone. At the northern end of the Common, 
where the road forks, the surface of the limestone has been laid 
bare, and is seen to be much bored and oyster-covered. 

It is not necessary to describe every section in the neighbour- 
hood of Vallis Vale, because in all the succession is much the same. 
There does not seem to be any deposit referable to the Upper 
Trigonia-Grit between the Doulting Beds and the Carboniferous 
Limestone in this area; in all the sections that I examined the 
Doulting Beds—‘ beds,’ as Mr. Hudleston rightly observed, ‘ of the 
age of the Clypeus-Grit’—rested directly upon the Limestone, except 
near Hansford Mills, where they reposed upon Rhetic beds. 

The surface of the Carboniferous Limestone is remarkably even. 
If one stands upon the platform formed by this rock after the 
Inferior Oolite has been stripped off by the quarrymen, and looks 
across the flat-bottomed valley, with its mural sides, at the other 
extensive quarries, one cannot repress a feeling of astonishment at 
the excessive evenness of the plane of erosion. This surface is 
riddled with annelid- and, less commonly, with Lithophagus-borings, 
and in places is strewn with oysters. Many years ago De la Beche 
noticed these phenomena, and his sketch of the section near the 
bridge in Murdercombe is well known (Mem. Geol. Surv. vol. 1, 1846, 
p- 288). 

The following section was measured in the quarry on the east 
side of the spur of high ground that runs southward and forms the 
western side of Vallis Vale—in. fact, separates the Vallis proper 
from the valley which bends round towards Elm. 


(A) Section in Vallis Vale. 


Thickness in feet inches. 
Dovuitinc Beps. 1. Oolitic limestone, thinly bedded or flaggy ; 


inaccessible, but estimated at 8to 10 feet . 9 0 


Dis MANNE SCORE MI LaF ord sate wales oscicialc's o's slate abeleisretenacion Soto 1 2 
3. Rub plermOntore im Cles {02.2 .scckoessce tee Seamaee ®) 1 
A: MUIMMESHOMENTMASSIVE | .2...020 cee sso nomeeecemacien: 1 9 
5. RupbleneO tore inches: ......,..2..06s sosec ome 1D) il 
6; Dimestomes massive - ............c-doccesssesoseree il 4 
7. Rubble: 2 to 4 inches ..... dan heen een tes ) 2 
8. Limestone, massive, more rubbly at the top 
and bottom, coarsely oolitic ...............6+ 2 6 
OF (Clayebamdes0) to 2 inches ..\,:-eu-esaeeseedee 0 1 
10. Limestone, massive, harder than the beds 


immediately above and below it, and 
therefore more conspicuous, standing out. 
Ctenostreon pectiniforme (Schloth.), very 
common, Trichites (fragments), Pentacrinus- 
ossicles, Serpula cf. limax, Goldf., Rhyn- 
chonella hampenensis, 8S. Buckman, ? RA. 
subtetrahedra, Dav. Fragments of chert 
occur not infrequently in this bed ~ 


jt 
“I 


Rol: 63.) OF THE BATH-DOULTING DISTRICT. 401 


Thickness in feet inches. 

Dovttine Beps 11. Limestone-beds, three, with irregular clay- 
(cont.). partings. The top-portion of the upper- 

most bed is bored, and has a few oysters 

adhering toit. Acanthothyris spinosa, com- 

mon, Holectypus hemisphericus (Agassiz), 

Acrosalenia spinosa, Ag., Clypeus Agassizt 

(Wright), Cidaris Bouchardi, Wr., Tere- 


bratula globata, auctt., Trochotoma carinata, 


Lycett, Pholadomya Murchisoni (Sow.) ... 2 6 
12. Marl, brown, earthy; no micro-organisms: 
REORARITOIIES 18 eeSee cata. nedicwcintndclsceleoccvene 0 2 


13. Limestone, massive, yellowish, not very fos- 
siliferous, but contains rarely Lima (Lima- 
tula) gibbosa, Acanthothyris spinosa, Cidaris 
Bouchardi, Wright. (fragment probably of), 
Pseudodiadema depressum (Agassiz), Clypeus 
Agassizi (Wright), Terebratula subspheroid- 


alis, Upton (one specimen) ............0..080 4 0 
CarBonirerous 14. Limestone, highly inclined, with evenly- 
LIMEsToNe. planed, riddled, and oyster-strewn surface, 


At first sight, the abundance of Ctenostreon pectiniforme in Bed 13 
might suggest Upper 7'rigonia-Grit, because in the Cotteswold Hills 
this fossil is very common at the top of that subdivision ; but the 
occurrence of Clypeus Agassizi shows that the strata belong to the 
Doulting Beds. 

Mr. H. B. Woodward remarks that ‘ fossils, on the whole, are not 
abundant in the Inferior Oolite of this neighbourhood.’* He obtained 
Nautilus, Astarte, Ctenostreon pectunforme, Trigonia, Rhynchonella, 
and Zerebratula maxillata. At one time, I should have entertained 
some doubt as to the correctness of this last identification ; but 
recently I found, in the Upper 7Z'rzgonia-Grit of a quarry near 
Nailsworth (Gloucestershire), a brachiopod inseparable, in regard 
to its external morphology, from examples of this species as 
found at Kemble, only smaller. Additional interest is thus lent 
to Mr. Woodward’s record. 

Vallis Vale and the neighbouring combes are well known, in con- 
nexion with the sections in them which illustrate so admirably the 
geological feature defined as an ‘ unconformity.’* The discordance 
between the horizontal Inferior-Oolite beds and the steeply-dipping 
Carboniferous Limestone is most marked. The photographs repro- 
duced here (figs. 2 & 3, pp. 402-403) were very kindly placed at my 
disposal by Prof.$. H. Reynolds. In the large disused quarry at the 
Hapsford end of Vallis Vale, the Inferior Qolite, as pointed out by 
Mr. J. McMurtrie,’ rests directly upon the Carboniferous Limestone, 


1 «Jurassic Rocks of Britain, &c.’ Mem. Geol, Surv. vol. iv (1894) p. 91. 

2 At the cross-roads south of Whatley Church is a large subangular block of 
grit. Similar blocks have been noticed near Nunney Castle, and have been 
pronounced to be of Millstone Grit. This one at Whatley certainly looks like 
a sarsen-stone. See Proc. Geol. Assoc. vol. xi (1890) pp. elxxv—clxxvi. 

3 Proc. Bath Nat. Hist. & Antig. F.-C. vol. v (1883-85) p. 104; see also 
C. Moore, Quart. Journ. Geol. Soe. vol. xxiii (1867) p. 490. 
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‘but as the eye passes along the face of the quarry to the northward, attention 
is at once directed to a bed which comes in almost imperceptibly, between the 
Limestone beneath and the Oolite overhead, being approximately conformable 
‘to the latter.’ 


The intervening deposit is of Rhetic age. At first, only the lower 
beds of the series are present; but, as the section is followed in a 
northerly direction, higher and higher beds come in, until, in the 
little quarry by the side of the road to the mills, the Inferior Oolite 
is seen resting upon the White Lias, the top-bed of which is quite 
as much bored by annelids and well-planed as the Carboniferous 
Limestone of the neighbourhood. ‘Theoretically, if a section were 
drawn from Hapsford to Bath, above the White Lias should suc- 
cessively come in the Lower, Middle, and Upper Lias. 

In places where the Inferior Oolite rests upon the Carboniferous 
Limestone, it becomes arenaceous and cherty. De la Beche,' 
Mr. J. MceMurtrie,* and Mr. H. B. Woodward’ have noticed such 
rocks ; and formerly they were well displayed when the road from 
near Bradford’s Bridge to Whatcomb Farm, north of Frome, was 
taken under the railway. Now, however, this section is very poor. 
Mr. McMurtrie has noticed these siliceous beds in the railway- 
cuttings opposite Hapsford, and I have observed masses of similar 
rock in some of the fields adjacent to the line there. 

At Oldford, north of Frome, is a large disused quarry, 3 in which 
very massive beds are seen, Mr. Woodward has recorded the 
thicknesses of the strata, and noticed that the bottom-bed resembles 
the Doulting Stone. 


(B) Quarry at Oldford, near Frome. 


Thickness in feet inches. 


{ 1. Ooliteswinite 2valb outers sere eee 4 0 
( a.\ 2, Limestone, in two beds of about equal 

Mit ee eae | | — thickness ..........eeeeeeeeeeeeeeee 2 6 
Re ans { 6, 3, Limestone, irregular, very shelly, with 

Oc aera Anabacia complanata: OU to 8 inches. O 4 
| c. 4, Limestone; top-portion bored by Litho- 

phagz, ance well wplamede:na.5)..5 26: ee, 2 0 

el SD. Tatmestone see ere tee ue tne. eh eae 2 3 

| 6, sIIMeSt OME Late ne eeer nase iar sere ries 2 6 

7. Limestone (or eeee 2 0 

8. Limestone | massive, coarsely | ...... 1 0 

| 9. Jimestone oolitic | seainicg 2 8 

III. Dovrtine 4 10. Toned ee 2 6 

STONE. A eimestone,. rulbbliy meee ere ete eee 0 4 


| i2. Limestone, massive ; Pecten (Syncy- 
clonena) demissus, Phillips, Serpula 
| Cli, UCieHioe GROMKGURDISSS | 4455 5h-esnedsbococe 3 


i) 


13. Limestone, massive, yellowish ......... Zi 6 
14. Limestone, coarse-grained, yellowish. 


1 Mem. Geol. Surv. vol. 1 (1846) p. 287. 

* Proc. Bath Nat. Hist. & Antiq. F.-C. vol. v (1883-85) pp. 102-103. 

> «The Jurassic Rocks of Britain—The Lower Oolitic Rocks of England 
(Yorkshire excepted)’ Mem. Geol. Surv. vol. iv (1894) p. 92. 
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The section in the railway-cutting west of Mells-Road Station is 
described below, but it is by no means easy to determine the limits 
of the several subdivisions. Almost the complete sequence for this 
district is visible. The strata are arranged in a gentle syncline, 
and the clayey nature of the soil in the middle of the (horizontal) 
section shows that the Inferior Oolite has only just been removed. 
Below the Inferior Oolite about 4 feet of Liassic clay is visible ; and, 
since this clay throws out springs, it will be understood that it is 
not very sandy. South of this section the Oolite gives rise to a 
very level tract. 


(C) Railway-cutting, near Mells-Road Station.’ 


Thickness tn feet imehes. 

i a. Limestones, white, coarsely 
oolitic, with a few quartz- 

| pebbles: aAbOUb se. . oe tines es as 8 0 
b. Limestone, white,  oolitic, 
4 hard; much bored by Litho- 
phagi and very shelly; Ana- 

| bacia: 7 to 9 imehes /...2-.4-. 0 8 
| pars \ c. Limestone, massively bedded 

(pars ji a. (three beds), shelly ............ i 0 
Limestone, yellowish, rubbly ; 
| Trigonta common in the top- 
\ III. Doutrine Stonz, ¢ portion, Acauthothyris spi- 
| nosa, Parkinsonia dorsetensis, 
| Serpula cf. limax, Goldfuss, 

\ PSCUDOMELANAG ». vai ceseresacees & 4 
VI. Uprer Trigonra- Limestone, hard, with pebbles of 
GRriv. quartz and rolled fragments 

of chert; 12 to 20 inches... 1 6 

a (N on-sequence.) 
Liassic Crays. Clare blah seeninss.c1sccneessecs 4 ) 


s) 


2 ( II. ANABACIA- 
LIMESTONES. 


“A 


BATHONIAN. 
Dovutine Beps (pa 


All the quarries between Mells and Radstock are now abandoned. 
About half a mile east of Lentney Farm, by the side of the Radstock 
road, are two quarries showing much the same section. In that 
on the east side, the Doulting Stone and Anabacia-Limestones have 
been worked somewhat extensively.“ The beds are more pebbly 
than usual; the upper surfaces are bored, and have, in many cases, 
oysters adhering to them. Quartz-pebbles are not infrequent, some 
measuring aS much as an inch in length. The following fossils 
were collected :— Ostreasp., Lima (Limea ) duplicata, Sow., T'richites, 
Pecten (Syncyclonema ) denrissus, Phillips, Trigonia sp. indet., Serpula 
cf, imaw, Goldt., Pseudomelania, Berenicea (on a fragment of a shell), 
Acanthothyris spinosa, Rhynchonella hampenensis, and Anabacia com- 
planata. Altogether the beds exposed measure about 25 feet. 


Near some cottages by the side of the road at Huish the Anabacic- 
Limestones are more typically developed again. 


* This section lies between the two bridges west of the station. 
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(D) Mells-Lane Quarry, Huish. 


Thickness in feet inches. 


Il. AnaABACtrA - a. Limestone, rubbly, oolitic ; seen ............ 3 6 
Limestones. 0, Limestone, white, oolitic; Anabacia com- 
VAC TTR WAS OWN ay Ae mee oor Adee as. Es 9 
c. Limestone, rubbly, white; Anabacia, Pli- 
catula (2) Sollasi, Whidborne, Serpula... 2 a 
III. Dovtrine Limestones, massive; SCN .........cesesseseees 4 0 
STONE, 


(3) The Radstock-Bath Area. 


This area extends from Radstock to Bath, and from near Bradford- 
on-Avon to Timsbury Sleight. 

_ Throughout it, the Upper 7'riyonia-Grit forms the basement-bed 
of the Inferior Oolite. Above this bed in the Timsbury-Sleight 
outlier and at English Combe, and therefore presumably along a 
narrow tract of country near the escarpment between the latter 
place and Tunley (near Timsbury) as well, comes the Dundry Free- 
stone ; but elsewhere it is absent, and therefore has a very restricted 
geographical extent. Far more extensive is the Upper Coral-Bed, 
which has been exposed at Clan Down. Midford, Claverton, English 
Combe, and Timsbury Sleight. The Doulting Stone and Anabacia- 
Limestones are persistent over the whole area; but the distribution 
of the Rubbly Beds is somewhat sporadic. 

The chief sections of the Inferior-Oolite rocks are two in number. 
One—a permanent section—occurs by the side of the main road at 
Midford; the other—a temporary one—has been recorded in a trial- 
shaft on Timsbury Sleight. 


(A) Midford. 


The section by the side of the main road south of Midford Station 
was visited by the Geologists’ Association in 1893. Here the 
bottom-bed of the Inferior Oolite, as usual in this area, is the 
Upper Trigonia-Grit or ‘ Hollow Bed’ as it is locally called. The 
Upper Coral-Bed, Doulting Stone, Anabacia-Limestones, and Rubbly 
Beds (the last-named very thin), succeed, and are followed by the 
Fullers’ Earth (see Table II, facing p. 408). 

The Upper 7rigonia-Grit rests directly upon the Midford Sands, 
and, by following the line of railway to the north, through the 
Combe-Down Tunnel, the Lyncombe cutting, and the short tunnel 
under the hill on which stand Devonshire Buildings, successively- 
older deposits are traversed. 

In the approach-cutting to the western end of the tunnel under 
Devonshire Buildings the Rev. H. H. Winwood observed blue clays, 
and in the tunnel, at a distance of 50 yards from the mouth, a 
large block of stone, oolitic and ferruginous outside, 7 to 12 inches 
thick, evidently in sitw (Proc. Bath Nat. Hist. & Antiq. F.-C. 
vol. 111, 1874-77, pp. 182 et seqq.). He writes: | 


‘From this I obtained a specimen of Ammonites serpentinus characteristic of 
the Upper Lias. This block rested on the light-blue clays,’ 
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which Mr. Winwood thinks—and, no doubt, correctly so—belong 
to the Upper Lias. 

Mr. 8. 8. Buckman found in the Lyncombe cutting a mass of the 
same bed, but was able to recognize in it deposits laid down during 
three hemeree—those of falciferum, bifrons (‘ commune-zone’), and 
striatulum.' This bed, from 12 to 2 feet thick, is the local 
Cephalopod-Bed. Above it come the Midford Sands, which are 
capped by the equivalent of the Upper Trzgonza-Grit. 

The Midford Sands here are obviously post-strzatuli, and since 
Mr. Buckman obtained from a ‘sand-burr,’ fallen out of the lower 
portion, a specimen of a Pseudogrammoceras (Ps. cf. Struckmanni*), 
the lower portion must be of Struckmanni hemera. The top-portion, 
Mr. Buckman informs me, may be of later date. 

Nowhere in this area have I found ammonites in the upper portion 
of the ‘Sands, and therefore it is impossible to date them with 
absolute certainty. At Timsbury Sleight, however, where they are 
only 54 feet thick, the Midford Sands are post-Struckmanm, 
because ammonites indicative of this hemera occur in the top- 
portion of the Cephalopod-Bed. Here they are probably of dispansi 
hemera. 

The Midford Sands, of course, derive their name from Midford, 
and are well exposed on the south of the lower portion of the combe 
south of Combe Down—that at the mouth of which, adjoining 
Tucking Mill, is the house where William Smith lived, while he was 
engaged in the construction of the Somerset Coal Canal in 1798- 
1799. 


South of Midford Station, by the side of the main road, is the 
section recorded in Table II (facing p. 408). Mr. W. H. Hudleston 
correctly identified, in a broad way, the strata exposed here 
with their equivalents in the Cotteswold Hills,’ holding that the 
‘lower stage’ (Upper Trigonia-Grit) probably represented the 
Upper Trigonia-Grit of Stroud and Cheltenham ; but apparently 
could not reconcile himself to the magnitude of the gap between 
that deposit and the underlying Midford Sands. In consequence, 
he stated that, as the whole of the Lower Division of the Inferior 
Oolite was absent as a limestone, it ‘ may possibly be represented 
by the upper portion of these same Midford Sands.’ This, however, 
we now know is not the case; all the Inferior-Oolite beds which 
come—where the sequence is complete—between the deposits of 
Garantiane and Moore: hemere are wanting. 

James Buckman also thought that the sands of Midford repre- 
sented a limestone-deposit of certain other localities; but, instead 
of regarding the upper portion as possibly equivalent to the Lower 
Division of the Inferior-Oolite Series as Mr. Hudleston did, he 
paralleled them with the Freestone of Doulting and the Building- 


1 Quart. Journ. Geol. Soc. vol. xlv (1889) p. 447. 
2 = Graminoceras fallaciosum of the section ébid. p. 448. 
3 ‘Monogr. Brit. Jurassic Gasteropoda’ pt. i, Paigont. Soc. (1887) pp. 55-56. 
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Stone of Ham Hill.*. The equivalent of the Doulting Freestone, 
however, is present as a limestone-deposit at Midford. 

Mr. H. B. Woodward noted, but lin less detail, nearly the same 
section as [ did myself. 

The Upper Zrigona-Grit is unmistakable at Midford. In the 
lower portion, as was pointed out by Mr. Winwood to the members 
of the Geologists’ Association, it is conglomeratic in places, and 
some of the pebbly material fills up inequalities in the hard sandy 
limestone immediately below, to which it is usually adherent. 

The Upper Coral-Bed is well exposed, and similar in all respects 
to its equivalent at Dundry; at Worgan’s Quarry in the Slad Valley, 
near Stroud; and the (unfortunately, only temporary) section at 
Timsbury Sleight. Particular attention may be directed to the 
important micro-fauna of this widespread deposit. 

The upper portion of the Upper Yrigonia-Grit is slightly bored, 
and there are oysters in places on the surface. These phenomena 
are generally indicative of a non-sequence, and here, indeed, the 
Dundry Freestone is absent. 

Above the Coral-Bed are the Doulting Beds. Lonsdale described 
them in the neighbourhood of Bath as ‘soft freestone more or less 
oolitic,’ and assigned to them a thickness of from 40 to 50 feet. 
At Midford, however, they certainly do not exceed about 25 feet in 
thickness. 

The Doulting Stone is very massive, and is quite distinct from the 
overlying Anabacia-Limestones. In these latter there is usually 
a thin well-marked limestone-band, in which the characteristic coral 
is very abundant; and, being harder than the beds immediately above 
and below it, this limestone stands out conspicuously in most of 
the sections, which can therefore be read almost as soon as one 
enters a quarry. 

At the very base of the Fullers’ Earth, and resting directly upon 
_a bored and oyster-covered surface of the Anabacia-Limestone, is a 
bed crowded with Terebratula globata, auctt. A similar deposit 
occurs near the Avoncliff Aqueduct, and it is somewhat difficult, 
from the evidence obtainable in this area, to know whether to class 
it with the Inferior Oolite or with the Fullers’ Earth. In a quarry 
near Great Rissington, near Burford (Oxfordshire), there is a similar 
deposit resting upon the Clypeus-Grit (and at the very base of the 
Fullers’ Earth) from which I have obtained Clypeus Plott. For this 
reason I group the bed with the Inferior Oolite. 

The top-portion of the Oolite and the overlying Fullers’ Earth are 
well exposed in the railway-cutting to the south, and therefrom a 
number of fossils have been obtained from time to time. 


THE NEIGHBOURHOOD oF RADSTOCK. 


In certain of the railway-cuttings near Wellow the post- 
Garantiane Inferior-Oolite deposits are very similar to their 
equivalents at Midford ; but, according to Mr. 8. 8. Buckman & the 


1 J. Buckman, Quart. Journ. Geol. Soc. vol. xxxv (1879) p. 737. 
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ap-Currine, Miprorp, NEAR Baru. 


Thickness in feet inches. 
ith some masses of impure limestone; Zerebratula globata, auctt., 
mid fordensis, sp. nov., Ornithella cadomensis (E. Deslongchamys), 
elemnopsis) bessinus, AOrb., Belennites 2 spp., Ammonites (Zig- 
cerus, Seebach, Ostrea acuminata, Sow., O. Knorri, Voltz, Goniomya 
w.), Pleuromya sp., Rhynchonella Smithi, Walker, (2) Volsella Lons- 
& Lycett), Naticad (cast) ...c0-cscee-seceereereecnecseeecseenceeesesaeeess ase 
bly, with crowds of Terebratula globata, auctt., Lima (Limatula) 
(1) Volsella cuneata (Sow.): 0 to 8 inches ...s60.--seeeeeeereeeeer eres 0 
ite, oolitic; the top-bed brownish, shelly, bored by annelids and 
d oyster-covered ; Serpula sp. ...sssecseeseeersrereeesees Pe ee eee =) 
ilar bed, but only well seen in the centre of the section ; Anabacia 
GiVaANee) a cacg se SE Sos ARS CIS RE en oe oe 0 
tic, less massive than the underlying beds; Anabacia complanata 
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ery common in the upper portion of the bed ; Anahacia complanata. 
massive, with ‘ Terebratula globata’ (rare), and cavities where shells 
he top-bed is bored, and oysters are attached to the upper surface... 
ssive, with imprints of Zrigonie. Top-surface waterworn and bored 
i; Anabacia at the top ...c.ccccsecceceseseceeeteseeeeeeteretsanseetesesseecens 
itish, rubbly, mixed with greyish marl ; Jsastr@a spp. (very abundant), 
2) oolitica, Moore, Zellania Davidsoni, Moore, Z. oolitica, Moore, 
anulosa, Moore, Th. Forbesi, Moore, Th. triangularis, d’Orb., Crania 
oore, Crania sp., Cristellaria rotulata, Lam., Marginulina costata, 
“ullina helvetica, Kiibler & Zwingli, Patellina sp., Bairdia Hilda, 
eis sp., Cytheridia sp., Emarginula sp., Trochotoma depressiuscula, 
rbo (internal cast), Amberleya Hudlestoni, sp. nov. (text-fig. 6, p. 434), 
ordensis, sp. nov. (text-fig. 7, p. 455), Newropora sp., and sponges ... 8 0 
) 

n, finely ironshot, shelly; the top-portion is slightly bored, and there 
ers on the upper surface ; Crenostreon pectiniforme (Schloth.). These 
better bedded than those below. Belemmnites (fragments) ..........+- 1 8 
ar to Va, but more shelly ; some portions are very hard, and the 
s pebbly. Ctenostreon pectiniforme, Trichites (fragments), Trigonia 
, Ostrea 2 spp., (2) Volsella cuneata (Sow.). (2) Trochus duplicatus, 
, Belemnites (fragments), Acanthothyris spinosa (Schloth.), Rhyncho- 
PWOSES, GS. EMUGHMIAM OSes. cae se cas eco vie one ae clarinet caecedines noanasesinnstansuceencmanns 3 4 
-) 
d, grey, arenaceous, non-oolitic. The top-portion is occasionally 
thophagi, and the deeper irregularities have received some of the 
ial such as occurs at the base of the overlying deposit, to which it is 
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Lane and Lyncombe cutting, near Bath (Somerset & 
tuckman, Quart. Journ. Geol. Soc. vol. xlv, 1889, p. 448.) 


ous sands, not well exposed: about ...........:::esereseeer tenses eeeee reece 65 0 
h about a dozen lines of ‘sand-burrs.’ From fallen ‘sand-burrs,’ 
| fallaciosum [ Pseudogrammoceras cf. Struckmannt] was obtained... 30 0 
stone, with very numerous lighter-coloured oolitic grains, which fall 

the stone pitted. Grammoceras striatuUlwind ...12-1+-seereereceneerer evens 0 5) 


aly cemented without a break on to 

ee the oolitic granules less numerous, and therefore appearing of a 

. Hildoceras bifrons, Dactyloceras Holandrei, D. crassum, Waldheimia 

ny Rhynchonella Sp. ..ccceccrsevecseccncenectecnecsersecsecseesecsereessosgaeeas 0 4 


ly cemented without a break on to 
smooth-feeling, greyish-blue stone, without any trace or grains as in 


Harpoceras falctperwin ...ccccecccccecneccenerseecnneceeteeees tect een nese eens O:---10 
BEUREE 2 ier pene She ck nck Meee eRe ea aati fas scedeainee ody woken au bye 0 6 
0 4 


a PAGLELCOSEOME 5 cc xed pace neem eecetamecie se caswe eee csee Li eabae eases 
ay. 


To face p. 408. j 
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ry 
Tasty I1.—Roav-Currine, Miprorp, near Bara, 


Thickness in feet inches. 


Bluish-grey clay, with some masses of impure limestone; Zerebratula globata, auctt., 


a. Limestone, rubbly, with crowds of Terebratula globata, auctt., Lima (Limatula) 


gibbosa, Sow., (4) Volsella cuneata (Sow.): 0 to 8 inches ..... sede Neskea teMe eee erat 
a. Limestone, white, oolitic ; the top-bed brownish, shelly, bored by annelids and 
Lithophagi, and oyster-covered ; Serpula sp. .....secccscsceeecsessevensuantceeeceeseacees 


b. Limestone, less massive, with ‘ Zerebratula globatu’ (rare), and cavities where shells 


a, Limestones, whitish, rubbly, mixed with greyish marl; Zsas/rea spp. (very abundant) 


ragstones are better bedded than those below. Belemmites (fragments) ...........- 

6. Ragstone, similar to VIa@, but more shelly ; some portions are yery hard, and the 
bottom-part is pebbly. Ctenostreon pectiniforme, Trichites (fragments), Trigonia 
costata (Sow.), Ostrea 2 spp., (4) Volsella cuneata (Sow.), (2) Trochus duplicatus, 
Sow. (cast of), Beleninites (fragments), Acanthothyris spinosa (Schloth.), Rhyncho- 
PACT ORN VATA tsk 1 WO ST0EHN._ aenons qbeenboRAcnos ne nperanesddonbconcrosnboncnnetcor aaaueuree 

(Non-sequence.) 

a. Limestone, hard, grey, arenaceous, non-oolitic. The top-portion is occasionally 
bored by Lithophagi, and the deeper irregularities have received some of the 
pebbly material such as occurs at the base of the overlying deposit, to which it is 
eaatoualiyeaponii eral Oye oy io) (3). N61 33) maqsseqyeqcdoebnbog ue oadheoee bon neonaeceormannvenacoceAnlen 

b. Sands, yellow, micaceous. 


Section exposed in Greenway Lane and Lyncomboe cutting, near Bath (Somerset & 
Dorset Railway). (8.8. Buckman, Quart. Journ. Geol. Soc. vol. xly, 1889, p. 448.) 


c. Yellow, micaceous sands, not well exposed: about ..........-..0eseeeeeee onesonaenegodnre 
Yellow sands, with about a dozen lines of ‘sand-burrs.’ From fallen ‘sand-burrs,’ 
Grammoceras fallaciosum { Pseudogrammoceras ef. Struckmanni| was obtained 
Yellowish-brown stone, with very numerous lighter-coloured oolitic grains, which fall 

out and leave the stone pitted. Grammuoceras striatulwim .cceccccccaveneecseceeeesoees 
This is firmly cemented without a break on to 
Yellowish stone, with the oolitic granules less numerous, and therefore appeuring of a 
closer texture. Hildoceras bifrons, Dactyloceras Holandrei, D. crassum, Waldheimia 
[ Cineta| Lycetti, Rhynchonella sp. 1... See CngmaoUEEEAN SEN HCO EBS ENE Ree 
This is firmly cemented without a break on to 
a, Close-grained, smooth-feeling, greyish-blue stone, without any trace or grains as in 
the bed above. Harpoceras falciferum ......++.... wane cancels Bee ea casa caer a 
b. Greyish-blue clay ..,.......... Sno SEzO sions bay en ote find Rouse a id diicledOscnr UE PEECUG. Or Robe on area 
c. Close-grained, greyish, mottled stone ........ Sage aen ew, oehie spmaasoalide tela cate iastenars 
d. Greyish-blue clay. 
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late Edward Wilson, the Upper Yrigona-Grit has diminished con- 
siderably in thickness: at the place where they observed the details 
recorded in their section it measured only 6 inches.* 

Now, near the beginning of this paper (p. 385) it was remarked 
that, when the Upper Zrigonza-Grit was followed from north to 
south, from Bath towards the Mendips, it was seen to transgress the 
outcrop-edges, as a general rule, of successively-older deposits. In 
the Lyncombe cutting, the bed which contained specimens of Hildo- 
ceras bifrons and species of Dactylioceras occurred beneath at least 
100 feet of Midford Sands. Then came the Upper Trigonia-Grit. 
But in the cuttings near Wellow, Buckman & Wilson found the 
‘erit’ resting directly upon portions of the Cephalopod-Bed ; no 
Sands intervened. The sections in the cuttings, so far as the Lias 
is concerned, are now overgrown; but in the roadside near the 
railway-bridge at Wellow there is this succession :— 


(a) Section In THE LANE at WELLOW, NEAR RaApsTock. 


Thickness in feet inches. 


Base of : : : : 
is \ Limestone, massive, with an occasional 
ILL. Doutrine Sronr. 


(2) rsimMESTIRC REN ise, SSeS ha? hk oe Rf 1 fi 


VI. Uprer Trreonra- 
Grit. 


bottom, containing a few small iron- 
stained derived fragments (at the 
LESC) ob aaaemeee am eM eta: cee tees 1 8 
nbn ees IDSNIN ATI NI IRIE REI (Non-sequence.) 
Bifrontis 2222 Limestone, hard, pale-brown and bluish- 
grey, lronshot; Belemnites spp., Hil- 
doceras bifrons (Sowerby), Dactylio- 
ceras cf. Braunianum (d’Orb.), and 
Rhynchonella aff. jurensis, Dav., non 
Quenstedt, to which are joined ...... ae | 
Faletfert (DQ) oe Irregular masses of yellowish limestone, 
with numerous belemnites............... 0 8 
Clay, very fine-textured, somewhat mica- 
ceous. 


r 

byes 

( Limestone, sandy and ferruginous at the 
: 

\ 


Beds III and VI in particular are much disturbed, and III may 
have been superimposed on VI by slipping, and may really be portions 
of thesame bed. This seems probable, because the Coral-Bed is well 
developed at Midford, and near Woodbarrow Farm on the opposite 
side of the valley to Writhlington, and its absence from the inter- 
mediate locality is scarcely to be expected. 


Crossing the River Somer at Wellow, the Upper Tvigonia-Grit is 
seen near the spring at the junction of the Faulkland and Norton- 
St. Philip Lane. Here it is a veritable Conglomerate-Bed, containing 
rolled and frequently bored (by Lithophagi) pebbles of a bluish- 
grey fine-grained sandstone and of a dense oolitic limonite. The 
fossils recorded are Ctenostreon pectiniforme, Ostrea (large species), 
Isasirea (fragment), Lima (Limatula) gibbosa, Trigonia costata, 


* Quart. Journ. Geol. Soc. vol. lii (1896) pp. 711-12. 
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/ Astarte elegans, Acanthothyris spinosa, Rhynchonella hampenensis, 
afew fragments of ammonites and belemnites, and several fish- 
teeth (Strophodus). This bed probably rests directly upon the 
blue Liassic clays. 

The upper portion of the Doulting Stone and the Anabacia- 
Limestones are seen in a cavern-like opening by the roadside, half- 
a-mile south-west by west of Wellow Church, and the Upper Coral- 
Bed was exposed in a temporary quarry between Braysdown Colliery 
and Woodbarrow Farm.’ Corals (species of Isastrwa) were very 
abundant, but rarely well preserved. 


The Upper Coral-Bed and the basal portion of the Doulting Beds, 
with possibly the underlying Upper Tvrigonia-Grit, have been 
noticed by Mr. H. B. Woodward ‘north-west of Bowldish, east 
of Paulton.* About 7 furlongs east of Paulton Church, on the 
north side of the lane, a quarry has been opened along the line 
of fault indicated on the Geological-Survey map. As might be 
expected, the beds are much disturbed. fFullers’ Earth caps the 
section, and yielded <Acanthothyris midfordensis, A. doultingensis, 
‘ Terebratula globata, Ostrea acuminata, and O. Knorri. Below 
are rubbly beds, about 6 feet thick, more clearly bedded towards 
the base. From the upper portion were procured Lima (Limatula ) 
gibbosa, Pholadomya Murchison, Strophodus, and Serpula ef. imax. 
White oolitic limestones, containing Montlivaltia and Anabaca, 


and 4 feet thick, separate the rubbly top-beds from the more 
massive Doulting Stone. 


About a mile and a quarter to the east is the quarry referred to 


by Mr. H. B. Woodward as opened up ‘on Clan Down, south of 
Camerton Farm.’ ® 


(0) Camerton-Farm QuaArRRY, NEAR RADSTOCK. — 
Thickness in feet inches. 

II. Awapactra - a. Limestone, rubbly, oolitic...........-......... 
Limestones. 0. Limestone, white, oolitic, top-portion well 
bored in places by Lithophagi, and covered 

with oysters; Anabacia .........s00.....0+0- 0 6 

Limestone, less compact; top-part bored. 1 10 
: eee. hard, grey, oolitic, sometimes 


SETS) Uh 2h See De RAPE EAR Gro Aonoaten Lidar 1 5 
III. Dovtrine Massive brownish limestones, with shelly 
STONE, NAWOUS Wee ciceiew'e as aris cenubemmeomr are manera 6 0 


The next section to be noticed is just over a quarter of a mile 


away, and is situated at a point where the Bath Road joins the 
ancient Foss Way. 


1 The boundary-line between, the Oolite and the Lias should come much 
nearer the farm than it is represented to do on the Geological-Survey map, 
Sheet xix. 

2 ‘The Jurassic Rocks of Britain—The Lower Oolitic Rocks of England 
(Yorkshire excepted)’ Mem. Geol. Surv. vol. iv (1894) p. 93. 

3 Ibid. pp. 93-94. 
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(B) Foss-Way Quarry, near Radstock. 


Thickness in feet inches, 
Soil, clay (Fullers’ Earth) and rubble; 


ACR R ON race tanh oh vtsaipaie tices taieelte 4 0 
I]. Anapacia- a. Limestone, white, oolitic; Serpula, sp. 
LIMESTONES. indet., common in a bed 3 feet 2 inches 
avove tne base about: .olk..s.sc;cecese sus 6 0 
}, Limestone, massive; Anabacia complanata, 
DCB UD Moe nor agi aise a 0.0 Siacinigiow'sisic be sales 2S 10) 


c, Limestones, four beds, shelly in places, 
especially the top-bed ; Nerinea Guisei, 


VAY GGLETI LG Se IR ts 3 7 
III. Dovuttine Limestone, yellowish, hard, bluish in places 
STONE. with ‘ Terebratulaglobata’; very rubbly at 


the base. Most of the beds are pebbly, 
some of the pebbles being bored and 
having Ostree and Serpule attached. 
From the lowest rubbly beds seen were 
obtained Pecten (Syncyclonema) de- 
missus, Ostrea, Trigonia, Homomya 
cf. crasstuscula, Holectypus depressus, 
var. (conical), Serpula, Strophodus mag- 
nus, Trichites (fragments), Belemnites 
(fragment), Rhynchonella hampenensis, 
Rh. subtetrahedra, Pleuromya Gold fussi 
(Lycett) ; Limea duplicata, found on the 
spoil-heap, probably came from this 
horizon: seen ..... apaen eats oe Seieittetncbe sas 5 0 


From the indications of the Fullers’ Earth among the rubble 
at the top of the section, and the extensive infillings which extend 
far down the fissures in the Oolite, there can be little doubt that 
the clay-deposit has in comparison but recently been removed by 
denudation. Specimens of Anabacia do not appear to be very 
common here, although otherwise the Anabacia-Limestones are 
typically developed. The Doulting Stone is much less massive than 
usual. The rubbly beds at the lowest portion seen in this quarry 
contain Trigonia not infrequently (compare with Midford, Table II, 
facing p. 408), and correspond to beds in the Red-Post Quarry, 
about half-a-mile to the north-east, to which Mr. Hudleston refers 
as ‘traces of a T'rigonia-Bed.’ 

The fossiliferous layers in the Doulting Stone and Anabacia- 
Limestones are very sporadic. Casts of Nerinea (probably, in the 
main of NV. Guise) are fairly numerous in some of the beds on 
Clan Down, concerning which locality Mr. Hudleston writes : 


‘ As far as we know at present, this is the most southern locality in England 
where Nerinea has been found to occur in the Inferior Oolite, and abundantly 
too, since there are no less than three shell-beds traceable here.’ (‘ Monogr. Inf. 
Ooi, Gasterop.’ Palzont. Soc. pt. i, 1887, p. 54.) 
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(C) Red-Post Quarry, near Peasdown.! 


Thickness in feet inches. 


IT. Anapacra- a. Limestone, rubbly, shelly, passing down 

LIMESTONES. into more massive beds; Anabacia com- 

planata and Montlivaltia common in the 
bottom-bed: 6 to 8 feet seen ............... 7 Y) 


b. Limestone, hard, white ; conspicuous stra- 

tum. <Anabacia very common. Top 

bored in places by Lithophagi ............ Ore Jt 
c. Limestones, whitish, usually not very com- 

pact. Top-bed noticeably planed, bored, 

and having a few oysters attached. 


‘Pebloly, ana gplacesia sia.) eae en cet nei eee 22. 0 
III. Dovuttine Limestones, massive, yellowish, shelly and 
STONE. pebbly in places, with a rubbly deposit 
containing numerous specimens of T77- 

gonia at the base ;.seen ........sseceeeeeee0s i 0 


Bed I16 is the most conspicuous stratum in the section, and 
frequently can be easily identified on account of its relative hardness, 
standing out more than the beds above and below it. Possibly 
this is the bed referred to by Mr. Hudleston (op. jam cit. p. 55), as 


‘a line of hardish stone, between 3 and 4 feet, from the top, which contains 
casts of a Neringa with very complicated folds (Ptygmatis). 


A section very similar to the foregoing occurs in the quarry at 
White-Brook’s Lane——a quarter of a mile to the west-north-west. 


On the south side of the valley between Carnicote and Midford 
there are no sections of any importance, neither are there any on 
the north side between Midford and the Foss Way. The Midford 
Sands are seen near the inn on the Bath Road at Dunkerton, and the 
Doulting Stone and the lower portion of the Anabacia-Limestones 
in a disused quarry and road-cutting on the south side of Dunkerton 
(Duncorn) Hill; but the intervening Upper Trigonia-Grit, Dundry- 
Freestone-equivalent (if present), and the Upper Coral-Bed are not 
now visible in this immediate neighbourhood. When Mr. H. B. 
Woodward visited these parts the sections were more satisfactory,” 
and ‘just above the quarries at Meadgate, Sir William Guise 
observed the ‘ “ Trigonia- and Spinosa-grits ” forming the base- 
ment-bed, and resting immediately on the “ Sands.” ’ * 


The conical hills called ‘ The Barrow Hills’ and Timsbury Sleight 
are outliers of Inferior Oolite. Concerning the Barrow Hills there 
is nothing to remark, but it is otherwise with Timsbury Sleight. 
When Mr. Talbot Paris and I visited the hill, four shafts had been 
sunk in connexion with certain waterwork schemes, and the entire 
sequence, from the blue Upper Liassic clay to the Upper Coral-Bed, 
was Visible in one continuous section in the deepest shaft. 


1 Spelt ‘Peasedown’ on the new Ordnance-Survey map. 

2 «The Jurassic Rocks of Britain—The Lower Oolitic Rocks of England 
(Yorkshire excepted)’ Mem. Geol. Surv. vol. iv (1894) p. 97. 

3 Proc. Cotteswold Nat. F.-C. vol. ii (1859-60) p. 1738. 
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(D) Timsbury Sleight. 


Commencing at the top of the section, Table III (facing p. 416), 
the Upper Coral-Bed is the newest deposit preserved. Above it, 
as shown by the Midford section, should come the Doulting Stone 
and the Anabacia-Limestones, but they have been denuded. As 
will be seen upon reference to Table IV (below), the micro-fauna 
of the Coral-Bed here is very rich. 


TaBLE LV.—Comparative TABLE OF THE MicrozoA FROM THE 
Uprrr Corat-Bep. By Caarztes Upton. 


2 | est is 
[M.=Moore: Recorded in Davidson, | =) Sy | ie 
‘Monogr. Brit. Jurassic Brach.’ | “& = ee mie ss 
Paleeont. Soc. Re ce S| = ‘@ | ee oe 
c.=common. Boma 2 (tie. a we “a D 
v.c.=very common. 5 By lea cles & 8 2 sae 
s.=scarce. | & Sp Gers | Sl eee o'¢ 
Bay st ea eem le a he 
=: a 2 5 ss ——— | | i 
M o.uuvscorpeEa. eon db 2 5) 4, 5 
BRACHIOPODA. | | 
Cranta canales, Mooney Wears. .st.8-cs0. laoek = Me : 
— Sannderst, MGOtG 7s eee - ou sens SR Sake M. | s. 
eS SDA ieee rere lace siee tiv Raps Fasincy epee aah | . 
Spiriferina (2) minima, Moore ............ eee a M.. | 
————-- oolitica, Moore ................4. eye imeee aN AN 8G} eV: 
Thecidella Bouchardi (Davidson) ......... res erent Pe | 
——— duplicata (Moore) ............... ? lah aitcaNty 
BOG eSPCMIOORE ene cc oe ae-oo- 2: Say eae. — oy Me e V.c 
granulosa (Moore) .......... eben SCE Se by lk. 
—_—_—-—. serrata (Moore) ........2...0.6... ace \ ove 
—— septata (Moore) ..............24.. Peal panccoeerl aN Ee 
————- triangularis (VOrbigny) ......; ©. vac.) ME v.c. | V.c. 
—————. sp. ...... ocd Oe ae eee bon elena ia 
—- =) ISDE eee ee teed voceeke cane cae. esos Rega et 
Zellania Davidsont, Moore .............. See ae: 62, |oaMe c c. 
= [GUGoueengeeNl@Ore) +...-+..de.4-.- S. bees OME. 
—_——_— oolitica, Moore ..........0c..0.000- s. Sia Mie Te | 
| 
| | 
Bryozoa, | | 
Hragments: -.cesseeneee enti onc -sn. sd venn ee CHU ets he | C. G. 
| | 
CRUSTACEA. | 
Osrracopa.! : ney * | 
Bairdia Hilda JOMmes es ca5 2c. .c2c0s-20450: Fite 0 eee 
Juddianad, JONES ........2..0-2+2 0 |e | = x x 
Cythereis sp. cee ees. 2 ee aeas Leche cy AEE Ua | 
Cytherella cf. fullonica, Jones ............ * x % 
Cytheridea craticula, Jones ......... 0.00060. a al are all alee * 
a TELOT LUM CMM ONES tet s eer acwcveme| | 224 0 | ae | 2 | * % 
| | | 


+ T possessa considerable number of ostracods from Rodborough Hill and 
Worgan’s Quarry, which I have not inserted in this list, as there is nothing 
like them from Midford or Timsbury Sleight. (C. Urroy.) 


414 MR. L. RICHARDSON ON THE INFERIOR OOLITE 


[ Nov. 1907, 


Microzoa from the Upper Coral-Bed (continued). 


Timsbury Sleight 


Osrracopa (cont.). 


OGG RUUIAOS) Ws rranbas Gabe scene nn ea ec sRORROE 
Macrocypris Bradiana, Jones ............ 
Horatiana, Jones ............ 
ef. terre-fullonice, Jones 
JAOUVOODE So. no sans sangdeerecsadaes ioqed0 5300560: 
ANNELIDA. 
Spirorbis midfordensis, sp. NOV. ........-.- . 


EcniINODERMATA. 


Ecntnorpra,. 

Praeiments “lycris oe csc aus teee ose 
ASTEROIDEA 

Fragments ..... <iga tiih Neue tate eee aee ae sae | 

Ho1LorTHurRorpEA. 

Chirodota sp. (six-rayed) ......... Pet Ee Ae | 
Hyprozoa 

NCUPOPORG My rete na eee eqgodoocoDnee7006 dos 
SPONGID &™. 

Holcospongia aff. mitrata, Hinde ..... che 


FoORAMINIFERA. 


Cristellaria crepidula, Fichtel & Moll 


RouUlata. WiaNiiane eeee see. 
es = ee Bornemann .........! 
Es SP. ce tenes qraciebaiuciene ap Midrand sddbod 
Dentalina brevis, da Orbigny asc pnd Sane 
—— commumns, VOrbigny ............ 
Frondicularia intumescens, Bornemann ... 
Glandulina hwinilis, Roemer ......... Soe 
Marginulina costata, Batsch ............ so 
——— Remeri, Reuss ............... 
Nodosaria raphanus, inn, ee Seams 
Patellina sp........ sineegens PRGA nanbcaactonhdcs 
TV OCGLUIUG SY). aa)- seen ene a eee eer S00 
Spirillina helvetica, Kubler & Zwin elie 
Vaginulina levigata, Roemer .............+. 
WCRUMATIG SP s\. .2)226-1 aeeige eens sec sepie 


(Somerset). 


eoe 


we 
7s 


section, near Bath. 


Midford-Road 
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Rodborough Hill, 


near Stroud. 


Worgan’s Quarry, 
near Stroud. 


ok 


we 
aK 


x 
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1 Tdentified, and referred to the Hydrozoa, by Mr. W. D. Lang, M.A., F.G.S. 


| Pseudogrammoceras Muelleri (Denckm.) ......... 
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At Midford the Upper Coral-Bed rests directly upon the Upper 
Trigona-Grit, but here a representative of the Dundry Freestone 
was very clearly interposed: The lower portion of the Upper 
Pergumee Grit is conglomeratic, and similar in all respects to the 
Maes-Knoll ‘ Conglomerate-Bed.’ Immediately below come the 
Midford Sands, only 53 feet thick here. They rest upon the local 
Cephalopod-Bed, the top-portion of which is of Struckmanni hemera. 
The Striatulum-, Lath-, and Bifrons-Beds are clearly defined, and 
evidence of the destruction of the Faleferum-Beds is found in por- 
tions of specimens of Harpoceras falciferum remaniés in the deposit 
of bifrontis date. 

Mr. 8. $8. Buckman, who very kindly identified the ammonites 
and indicated the respective hemere during which they lived—for 
many were not found zm situ—, does not recognize any of variabilis 
date. 


TABLE SHOWING THE HEMERA OR HEMERHZ DURING WHICH THE Liassic AMMONITES 


FOUND AT TIMSBURY SLEIGHT LIVED. 


Dactylioceras ct. Braunianwn (d’Orbigny) ...... 


Grammoceras aff. penestriatulum, S. Buckman . 


Harpoceras falciferum (Sowerby) .................. — 
Haugia inequa,S. Backman) -.......2.2.02-.-0.0004: 


| Hildoceras bifrons (Bruguiére) ............0........ — | 


—_——__—__——— subfallaciosum, 8S. Buckm. . 
—_—_—_———_—— aff. thrasu, S. Buckm. ...... 


Hemera. 


= 


Name of Ammonite. 


Falciferi. 


| Bifrontis. 
4 
| Lilli 


| Dumnortieria. 


| Variabilis. 

| Striatuli. 

| ISeeemennd: 
| Deane. 


ct. commune (Sowerby) Weal eee 
cf. Raquinianum (VOrb.) ......... T 


toarciense (d’Orb.) eee ee 
aff. toarciense (d’Orb.) ............... — | 


» or near. eee ke wed 
occidentalis (Hang) 7 ee 


— att. hildense (Young & Bird) ......... 
ct. Levisona (Simpson) ................-: 


———— aff. Muelleri (Denckm.) 
————— pedicum, 8. Buckm. 


| } | oa ()]" ao 


| Moorei. 


The lower portion of the section was most interesting in connexion 
with Mr. Buckman’s work on the age of the various Sands—-the 
Cotteswold, Midford, and Yeovil Sands. Mr. Buckman has always 
held the opinion that they were not contemporaneous, and now, I 
believe, it is generally admitted that he is right. But no more 
emphatic evidence of the correctness of his assertions could be desired 
than this section studied in connexion with that at Wotton-under- 
Kdge, and in the usually dry watercourse near ‘ The Springs,’ in the 
vicinity of Doynton, in the South Cotteswolds. In the first-named 
the Striatulum-Beds are seen as somewhat hard ‘ marlstones’ over- 
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lying the Cotteswold Sands ; in the second as part of the Cotteswold 
Sands (the ammonites characteristic of the Striatulum-Beds occurring 
in hard sandstone-layers interstratified with the Sands) ; and in this 
exposure at Timsbury Sleight as ironshot marls and ‘ maristones ’ 
below the MidfordSands. More briefly, at Wotton-under-Kdge the 
Sands are of pre-str2atulc hemera; at ‘The Springs,’ striatulz, etc. ; and 
at Timsbury Sleight, post-strzatuii—more correctly post-Struckmanni. 

Below the Cephalopod-Bed are blue clays; and, if the shaft had 
been a few feet deeper, I personally should have expected to see a 
reduced representative of the ‘rock-bed’ or Marlstone of the 
Middle Lias. 

Toe Maryn Hitt-Mass. 


Returning to the main hill-mass, there are no sections between 
Tunley and English Combe; but at the latter place are several 
exposures, of which the principal one is in the steep hillside 
above the inn, and south of the brook. The strata are greatly 
disturbed, owing to downward creep. The Upper Coral-Bed can be 
easily distinguished, and contains Jsastrwa and Zealleria Waltoni. 
It rests upon a slightly-ironshot, shelly ragstone, which is covered 
with oysters and much bored; this contains Acanthothyris spinosa, 
Pieria digitata, Trigonia costata, ‘ Terebrutula globata,’ Serpula sp., 
and on the upper surface Limatula gibbosa. ‘The ragstone is 3 inches 
thick, and rests upon a similar, but more rubbly shelly stone with 
some pebbles ; this in turn reposes upon the very irregular surface 
of a massive limestone-bed 3 feet 4 inches thick, shelly in the upper 
portion and more thinly-bedded in the lower. Then comes another 
massive bed, having its upper surface literally covered with oysters 
and 3 feet thick, under which is a ‘hollow bed’ with Trichites at 
the top and numerous pebbles. This last bed seems to be the 
equivalent of the Maes-Knoll Conglomerate-Bed. If this is so, the 
deposit to be paralleled with the Dundry Freestone measures 6 feet 
4 inches, and if we include the 3-inch bed at the top, 6 feet 
7 inches. Such appears to be the correct sequence. 

The beds which come above the Upper Coral-Bed are seen in a 
disused quarry on Twerton Hill :— 


(E) Twerton-Hill Quarry, near Bath. 


Thickness in feet inches. 
I. Russiy Bens. Whitish, shelly limestone, bored at. the top; 
Pecten (Syncyclonema ) demissus, Pleuromya 
Goldfussi, Pholadomya Murchisoni, Litho- 
phagus inclusus, Rhynchonella hampenensis, 
S. Buckm., Terebratula globata, auctt.: seen 2 6 


Il. Anapacra- a. Limestone, white, oolitic, top-portion bored 
Limestones. and covered with oysters; Anabacia com- 
LOU ainsi ss sin''s | side oe MER aaa eee 1 4 


b. Limestone, rubbly, oolitic, with a shell-bed 
6 inches thick containing Ostreu, ‘ Tere- 
bratula globata, and pebbles covered with 


OSirEe AMOUSENPUlE <. woke eeeeee Hose eee 4 0 
III. Dovutine Limestones, massive, coarsely oolitic; Serpula, 
STONE. Trichites, Ostrea cf. Sowerbyi, Lycett, Pecten 
sp. (of the P.-vagans group); but all of 
fese avemare® ‘Seel ....ck eaceocstessaeueeeees 4 6 


‘TimsBuRY SLEIGHT. 


with a proposed water-scheme.) 
| 
nixed with greyish marl; Jsas¢rea spp. (very abundant), 
litica, Moore, Zellania Davidsoni, Moore, Z. Labouchere?, 
, Moore, Thecidella granulosa, Moore, Th. Forbesi, Moore, 
a, Moore, Th. triangularis, VOrbigny, Dentalina brevis, 
llaria varians, Born., Spirillina helvetica, Kubler & Z., 
wrocypris Horatiana, Jones, M. Bradiana, Jones, Bairdia 
Cytherella cf. fullonica, Jones, Polycope sp., Chirodota ... 
and yellowish, rather sandy. ‘The top-bed is much 
s, and has a few oysters adhering to its upper surface ; 
3. CO Pel a yi ara et eae wee eh ees eo acto aelns ewan oe 
e-Bed.’ Pale greyish-brown crystalline limestone, with 
d containing derived lumps of an earthy, greenish, sparry 
ot), and of a dense, oolitic, limonitic rock. The pebbles, 
re bored, occur chiefly in the upper portion of the bed, 
e, resembles Dundry Freestone. Trichites (fragments), 
tatu (Sow.), Ostrea sp., Lima (Plagiostoma) Etheridget 
SPF GB Tar Sr tine eae aera seco s. as coecieh cud weuaeananeis 
nicaceous, conglomeratic in places at the top...............68 


ous, with an\ indurated band= about ....2.. cnc. ccc: vecesseeess 


, with numerous dark-brown limonite-granules; Rhyn- 
Davidson (very common near the top), Rhynchonella sp. 
s ribs than Rh. Moorei), Cincta Lycetti (Davidson), 
icle of), Pecten (Syncyclonema) demissus (Phill.), Belem- 
Schloth., Belemnites spp., Grammoceras aff. toarciense 
rammoceras Muellert(Denckm.), Ps. aff. Muelleri (Denckm.), 
Mey. Sic Hen arate ge ee ee ies Sawin sie caianc Sena 
y and brown, much ironshot; Lima Htheridgei, Wright... 
but otherwise similar to the one next above; Pseudo- 
oy NGS ip TM ee Dd le icicles oe oe wrchdnvanarancice ene des 
act, If places Pamraiap a partiNe? 2720.62.22. .ckdscoaveoossssceas 
ng ammonites came from the beds of Struckmanni-striatult 
pune from the marl I should think, but were not 
in situ :—-Grammoceras toarciense, Gr. aff. penestriatulum, 
. Haugia inequa, 8. Buckm., H. inequa or near, 
ntalis (Haug) or near, Pseudogrammoceras pedicum, 
., Ps. aff. thrasu, 8. Buckm.] 
rey limestone, most ironshot at the top; Dactylioceras 
d’Orb.), D. cf. commune (Sow.), D. ef. Raquinianum (dOrb.), 
ferwm (Sow.), ex falciferi remanié in bifrontis, Hildoceras 
‘s aff. hildense (Young & Bird), H. cf. Levisoni (Simpson), 
. jurensis, Dav., non Quenstedt, Lima (Plagiostoma) sp., 
(12) HES Pree rt nl OS ae 
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Thickness in feet inches. 
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6 
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To face p. 416. ] 


BATHONIAN. 


TOARCIAN. 


| 
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“TV. Urpmr Corat-Bep ............ Limestone, whitish, mixed with greyish marl 


: ; 
Tasty IL].—Timssury Srxrenr. 


(Trial-shaft in connexion with a proposed water-scheme.) 


) ne, W ; Tsastrea spp. (very abundant), 
(seen, 5 feet.) Spiriferina (1) oolitica, Moore, Zellania Davidsoni, Moore, Z. Laboucherei, 
Moore, Z. oolitica, Moore, Thecidella granulosa, Moore, Th. Forbesi, Moore, 

(1) Th. duplicata, Moore, Th. triangularis, VOrbigny, Dentalina brevis, 

VOrbigny, Cristellaria varians, Bovn., Spirillina helvetica, Kabler & Z., 

Patellina sp., Macrocypris Horatiana, Jones, M. Bradiana, Jones, Bairdia 

Equivalent of Juddiana, Sones, Cytherella cf. fullonica, Sunes, Polycope sp., Chirodote ... 

V. Dunpry FRreestonn ...........- Limestone, pale-grey and yellowish, rather sandy. The top-bed is much 
(4 feet 3 inches.) bored by annelids, and has a few oysters adhering to its upper surface ; 
Natica bajociensis, d'Orbigny 

VI. Urrnur Trreonr4-Guirt ......... a, The ‘ Conglomerate-Bed,’ | 
(10 inches.) 


Pale greyish-brown erystalline limestone, with 
quartz-grains, and containing derived lumps of an earthy, greenish, sparry 
limestone Gronshot), and of a dense, oolitic, limonitic rock. The pebbles, 
. some of which are bored, occur chiefly in the upper portion of the bed, 
which, in texture, resembles Dundry Freestone.  Trichites (fragments), 
Trigonia aff. costata (Sow.), Ostrea sp., Lima (Plagiostoma) Etheridgei 
(Sedan) SIMI Sho, 8 (Oh tiioy¢S) Wak OES op chaondeouncanmbner bedi -panretinenenenbreneceanee 


}, Limestone, sandy, micaceous, conglomeratic in places at the top 
(Non-sequence.) 


Miprorp Sanps j : . : ; 
GieenG bnclien (2) dispansi...... Sands, yellow, micaceous, with an indurated band: about 


( Marl, brown, rubbly, with numerous dark-brown limonite-granules; Rhyn- 
chonella Moorct, Davidson (very common near the top), Rhynchonella sp. 

| (more numerous ribs than &h. Moorei), Cincta Lycetti (Davidson), 
Millericrinus (ossicle of), Pecten (Syncyclonema) demissus (Phill.), Belem- 

| nites irregularis, Schloth., Belemnites spp., Grammoceras att. toarciense 

( Struckmanni- { (d’Orb.), Psewdogrammoceras Muelleri(Denckm.), Ps. aff. Muelleri(Denckm.), 
striatuld ...... Ps. suhfallaciosum, 8. Buckman 
Limestone, bluish-grey and brown, much ironshot; Lima Htheridgei, Wright... 

Parting 


PCO e eee meee nema nese nee sees esse en ents es sees es OOO e see eeen essere sees etbesrentastsseestes 


| Limestone, harder, but otherwise similar to the one next above; Psewdo- 
| tl 7 ig sp. indet., Ras ao indet. ...... oe ae Re page 
imestone, less compact, in places forming a parting ........0.cccccecsseeneeeeeer eens 
as [The Pbllow ng Uaneaites came Homie beds of Struckmanni-striatuli 
(i ! hemera, principally from the marl I should think, but were not 
obtained 2 situ :—-Grammoceras toarciense, Gr. aff. penestriatulwin, 
| 8. Buckm., Haugia inequa, 8. Buckm., H. inequa or near, 
Hf, occidentalis (Haug) or near, Pseudogrammoceras pedicum, 

| S. Buckm., Ps. aff. thrasu, S. Buckm.] 
| { Hard, pale bluish-grey limestone, most ironshot at the top; Dactylioceras 
| ef. Braunianum (d’Orb.), D. ct. commune (Sow.), D. ef. Raguinianum(@Orb.), 
| Lilli-bifrontis { Harpoceras falciferum (Sow.), ex faleiferi remanié in bifrontis, Hildoceras 
a bifrons (Brug.), H. aft. hildense (Young & Bird), H. cf. Levisoni (Simpson), 
| Rhynchonella aff. jurensis, Dav., non Quenstedt, Lima (Plagiostoma) sp.; 
( J Rar fe ERTS (OSS VED). sneccsceannaceeneAnaecrssusrcdeoose. psqc0o0e cpndcogno eanteuEnssI aor 


Urrur LIassic CLAY ...........0.c000- Olay, bluish-grey, shaly : See1 .........:cc..sssssecececnneecsersecesenossesseconsarebeseee A 
(Faletferi ?) 
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This is one of the quarries referred to by Mr. Hudleston as ‘ at 
the Mission Chapel,’ Twerton Hill. The Mission Chapel, however, 
has been moved farther south-eastward—to the cross-roads. The 
other quarry is overgrown, and in the section just described the 
Fullers’ Earth is not seen at the top, as appears to have been the 
case when Mr. Hudleston was here. He recorded from this locality, 
most likely from the Doulting Stone, ‘ Nerinea Guisez, and another 
species, also an Alaria, and numerous T'rigonie, Ostrece, etc. From 
the top-beds in the now overgrown quarry the same geologist 
obtained specimens of Nerina, corals, ‘ Ceromya striata, Phola- 
domya Heraulti, and several species of Myacites, some in a vertical 
position.’ He also remarks that this deposit rather reminds one of 
the ‘ Pholadomya-Grit’ of Lycett or the Clypeus-Grit." 

The section exposed in the Lyncombe cutting has already been 
noticed (p. 407). There, no higher Inferior-Oolite bed than the 
Upper Trigonia-Grit is visible, but the Upper Coral-Bed has been 
observed near Claverton Church, between Bathford and Combe 
Monkton. 


Between the Dundas and Avoncliff Aqueducts are numerous. 
exposures furnishing details which, considered in conjunction with 
those noted by previous authors, enable one to indicate the sequence 
(as developed in this neighbourhood), from certain marls below a 
bed that Charles Moore identified with the Marlstone, to the Fullers’ 
_ Karth. 

Opposite Dundas the succession that Moore noticed (Proc. 
Somerset Arch. & Nat. Hist. Soc. vol. xili, 1866-67, p. 153),’ in 
ascending order, was :— 

Thickness in feet inches. 


‘Blue micaceous marl, with thin nodules of ironstone ............ 20 0 
Brownish marlstone, with 4. maculatus, Unicardium cardioides, 

Lingula Beanit, abundant, crustacea, and saurian teeth ...... i 0 
lie: Clay’. s-ckg epee oes one leet auceosdcercccssnenseuse dens cee 3 0 
Upper Lias.—A single bed with 4. Walcottii, A. serpentinus, ete. 1 0 
Greyiclay. 5 cc eee seas sacs Shonen ainalassislosing soSaiaign onieaics 2 0 
Inferior Oolite:s= Samilamoigmueeen a. <p fice) cowie cal cenapecters ke sncaclny ds 20 Q.’ 


The Midford Sands are exposed at many places between here and 
the foot of the cliffs by the canal-side opposite Freshford. It was. 
from the Inferior Oolite of these cliffs that Lonsdale obtained many 
fossils,? and from the basement-bed that Sir William Guise recorded 
a considerable number indicative of the Upper Trigonia-Grit.* The 
higher beds represent the Doulting Stone and the Anabacia-Lime- 
stones; but as they are somewhat difficult of access, it is best to. 
study them in the quarry by the side of the canal at the Avoncliff 
Aqueduct—the place where Mr. KE. A. Walford found Trigonia dupli- 


cata and Nerinca. 


1 «Monogr. Brit. Jurassic Gasteropoda: Gasteropoda of the Inferior Oolite ” 
pt. i, Paleont. Soc. (1887) p. 55. 
2 See also Proc. Geol. Assoc. vol. iii (1872-73) p. 92. 
® Trans. Geol. Soc. ser. 2, vol. iii, pt. ii (1832) pp. 272-73. 
* Proc. Cotteswold Nat. F.-C. vol. ii (1859-60) p. 172. 
2H 2 
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(F) Quarry at Avoncliff Aqueduct. 


Thickness in feet inches. 
Funtrrs’ Eartn.. Clay, pale-grey, with irregular masses of 
argillaceous limestone; Zerebratula globata, 
ENING ((GOMMMVOIN) EVAR) S10, Gacercac-ceteseos 


II. Awapacra- a. Limestone, brownish, very hard and splin- 
LimEstones, tery, top-bed well bored and covered with 
ON SCCTS MER eRe tents: Sous sabi see ROR CE e RE AEE il 3 


Sa 


. Limestone, hard, white, oolitic, top-bed 
well bored by Lithophagi and annelids, very 
shelly; Anabacia complanata (Detrance), 
LIsastrea Richardsoni, Kdw. & Haime, Li- 
mea duplicata, Trigona duplicata, Astarte 
clypeata, Witchell, Pecten (near to) articu- 
latus, Schlotheim, ‘ Zerebratula globata, 
Nerinea Guisei, Witchell, Galeolaria 
socialis, Goldfuss, Serpula sp., not yet 


identified, Cerithiwm (cast of ?) ..........2.005 5) 3 
III. Dovttine Limestones, massive, yellowish, with shell- 
STONE. ieee TACS 3) |SCOIN |. 2. tae nee enya yet eee eee eres 9 0 


In dealing with the several sections showing the junction of the 
Inferior Oolite with the Fullers’ Harth, it may have been noticed 
that the rubbly bed designated Ia at Midford has not always been 
clearly indicated. This is due to the fact that, in some cases, its 
true significance was not appreciated until many of the sections had 
been examined and it was not found possible to visit them again ; 
and in others, to the ill-definition of the bed. It is intimately 
associated with the Fullers’ Karth, and is usually crowded with a 
somewhat flat form of ‘ Terebratula globata.’ ‘The bed might have 
been conveniently spoken of as the ‘ Globata-Bed,’ had it not been 
that this term has been otherwise applied. The bed at Midford, 
as already stated, belongs to the Clypeus-Grit, rather than to the 
Fullers’ Earth. Its intimate association with the Fullers’ Karth at 
Midford, and at several other localities, shows that the two deposits 
are ‘in sequence ’—not ‘ non-sequentially ’ related. ‘The break at 
Midford comes just below the local ‘ Globata-Bed.’ ‘Therefore the 
place to look for additional deposits is between it and the Anabacia- 
Limestones. The gap is partly bridged over at Twerton Hill and 
in the Doulting-Bridge Quarry by the main mass of the Rubbly 
Beds of those localities. 


(4) The Stantonbury-Hill Outlier. 


I have not had the opportunity of visiting this hill, but Mr. J. W. 
Tutcher has, and I am indebted to him for the following informa- 
tion (in litt., January 17th, 1907) :— 


‘The base of the hill is Lower Lias, resting on a platform of Ostrea- and 
Planorbis-Beds. The Middle Lias is probably absent, but the Upper Liassic 
clays are almost certainly represented, and are succeeded by a considerable 
thickness of Midford Sands. The Inferior Oolite which caps the hill rests 
directly upon the Sands. It consists of loose rubbly limestones, 7 to 8 feet 
thick.’ 
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The specimens which Mr. Tutcher collected are Acanthothyris 
spinosa, Ethynchonella hampenensis, Terebratula subspheroidalis, 
Aulacothyris carinata, Montlivalttia Delabechei (in rock bored by 
Inthophagt, the borings in some cases passing through the corals), 
Isastreea linitata, Ctenostreon pectiniforme, Pecten sp., Pteria ‘cos- 
tata, Holectypus henisphericus, H. depressus, Pentacrinus Milleri, 
Galeolaria socialis, Cylindrites sp., and two ammonites.! One of 
the ammonites is Lissoceras psilodiscum, a species of the Truelli 
hemera; it indicates a horizon higher than that of Garantiane 
date, and has not been previously recorded north of the Mendip 
Hills (S.S. Buckman). The other is one of the Garantianwm-group ; 
perhaps Strenoceras precursor, Meyer, or Str. Garantianum (dOr- 
bigny), teste S. S. Buckman. 

Stantonbury Hill is situated between English Combe and Maes 
Knoll, Dundry Hill. At English Combe the sequence is Upper 
Trigonia-Grit, Dundry Freestone, Upper Coral-Bed, and Doulting 
Stone (basement-beds); at Maes Knoll, Upper Ziragonia-Grit equi- 
valent (of which the basement-layer is conglomeratic and called 
the ‘ Conglomerate-Bed’), and Dundry Freestone—the basal por- 
tion: for the top-portion, together with the Upper Coral-Bed and 
Doulting Beds, has been removed by a Bathonian denudation. 

At Stantonbury Hill the fossils obtained point to the presence 
of beds equivalent to the Upper Zrrgonia-Grit and the Upper Coral- 
Bed ; but, as some of the intervening Dundry Freestone is present, 
both at English Combe and at Maes Knoll, it seems fair to assume 
that it is represented also at Stantonbury Hill. The occurrence 
of beds of post-Garantiane hemera is also indicated by the Lissoceras 
psilodiscum, 8. Buckman—a species, according to Mr. Buckman, 
indicative of Trwellii hemera. 

The record of Montlivaltia Delabecher is interesting. It occurs in 
a bed that was exposed in the quarry near Castle Farm, at the 
western end of Dundry Hill,’ and at Maes Knoll *—at both places 
in a deposit of Garantiane hemera. There is no doubt, therefore, 
as to the hemera in which it lived.’ | 


1 See also Proc. Bristol Nat. Soc. un. s. vol. x. pt. ii (1903: issued for 1902) 
pp. 162-63. 

2 Quart. Journ. Geol. Soc. vol. lii (1896) p. 676, where it is recorded as 
* Montlivaltia.’ 

3 Ibid. p. 684, where it is noticed as ‘ Montlivaltia lens.’ The late R. F. Tomes, 
F.G.S., examined the specimens that I obtained from the ‘ West-End Quarry’ 
and Maes Knoll, and identified them with M. Delabechei. 

4 In the paper by Prof. 8S. H. Reynolds & Dr. A. Vaughan ‘On the 
Jurassic Strata cut through by the South-Wales Direct Line, &c.’ (Quart. 
Journ. Geol. Soe. vol. lviii, 1902, pp. 737 e¢ seg), certain blocks of limestone 
brought up from the shafts near the Cross-Hands Inn contained ‘ numerous 
specimens of a well-marked species of Montlivaltia, intermediate between 
M, lens and M. Delabechei’ Associated with this form was ‘a Terebratula of 
perovalis-like aspect and Rhynchonella hampenensis.’ This ‘ Montlivaltia-Bed’ 
these authors placed, from the scanty evidence then available, immediately 
below the Trigonia-Grit. On June 20th, 1904, however, Dr. Vaughan wrote 
to me as follows:—‘The position of the Montlivaltia-Bed at Sodbury has 
solved itself. Mr. J. W. D. Marshall gave me a mass of rock full of the same 
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IV. CoRRELATION OF THE STRATA OF THE BAatH-Dovtting DistRIcT 
WITH THOSE OF DunpRY Hitt, NEAR Bristot. 


The Inferior Oolite of Dundry Hill, together with the underlying 
deposits dating from Dumortieric to spinati, has been very thoroughly 
investigated by Mr. 8S. 8. Buckman and the late Edward Wilson. 
At the conclusion of their work the only matter of importance to 
the stratigraphist about which they felt in doubt was the precise age 
of certain beds at the western end of the hill. They were not able 
to settle whether the beds were on the same horizon as the Dundry 
Freestone (but much thicker), or came above the ‘ Coralline Beds’ or 
Upper Coral-Bed. I think there can be little doubt that the beds 
under consideration are of later date than the Upper Coral-Bed, and 
equivalent to the Doulting Stone and the Anabacia-Limestones. 
Before discussing this matter in full, the stratigraphical relations 
of that end of Dundry Hill to the nearest portion of the Bath- 
Doulting district may be pointed out. 

The Timsbury-Sleight section is the nearest to the easternmost 
section on Dundry Hill described by Buckman & Wilson—that made 
by excavating on the eastern flank of Maes Knoll. 

In the Timsbury-Sleight section specimens of Mhynchonella 
Moore. were very abundant along a line near the top of the brown, 
richly-ironshot marl of about Sétruckmanni hemera. There can be 
little or no doubt that this Rhynchonella-Bed corresponds to the 
Upper Rhynchonella-Bed of Buckman & Wilson’s section on the 
eastern flank of Maes Knoll. 

At Timsbury Sleight the Midford Sands are 54 feet thick, and 
immediately overlie the Struckmanni-Beds ; but at Maes Knoll 
the succeeding deposit is a clay-deposit, with occasional sandstone- 
and limestone-bands, measuring over 62 feet in thickness. The 
‘Maes-Knoll Conglomerate-Bed’ succeeds the clay-beds, and a 
similar deposit follows—as we have seen—the Midford Sands at 
Timsbury Sleight. So the deposit which intervenes between those 
of Garantiane and Struckmanni hemere, as regards lithological 
structure, is strikingly dissimilar at the two localities. 

Above the equivalent of the Upper’ Trzgonta-Grit at Maes Knoll 
there has certainly been some representative of the Dundry Free- 
stone; but how thick it was, or whether it rests directly upon the 
‘orit,’ or was separated therefrom by the Upper Coral-Beds, were 
questions which it was not found possible to answer. Probably both 
the Upper Coral-Bed and the upper portion of the Dundry Freestone 
have been removed by a Bathonian erosion. | | 

In the large quarry near the church at Dundry, however, the 
Upper Coral-Bed is well-displayed, resting upon a good development 


Montlivaltia from Stantonbury Hill, at which place the Inferior Oolite contains 
Phynchonella hampenensis, Acanthothyris spinosa, Aulacothyris carinata, etc., 
these beds resting directly upon the Midford Sands as at Midford. Hence the 
identification of the Terebratula perovalis must be wrong, and the position of 
the bed in our paper must be emended.’ The blocks of limestone from the 
shafts regarded as portions of two beds, the Zrigonia-Grit and Montlivaltia- 
Bed, are, there is little doubt, fragments of one and the saine bed—the Upper 
Trigonia-Grit. 
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of Dundry Freestone. From observations recorded by Sir William 
Guise, in his valuable ‘Notes on the Inferior-Oolite Beds in the 
Neighbourhood of Bath,’* it appears that the Freestone here is 
about 27 feet thick. Sir William was fortunate in visiting the 
quarry at a time when a well was being sunk through the floor. 
The ‘ Trigonia- and Spinosa-Grit ’ (Upper Trigonia-Grit) was proved 
below the Freestone, and, according to Sir William, was 

‘precisely identical in characters with the ‘‘ basement-bed ” at Lympley Stoke, 
and like that charged with Trigonia costata and Rhynchonella spinosa’ (op. cit. 
p> Liv): 

and 3 feet thick. It rested upon ‘ Biue Clay 4 or 5 feet,’ which in 
turn reposed on ‘Sand.’ He proceeds to remark that 

‘The clay-band would appear to bea merely local and accidental deposit ; and 
I heard a story of a man whose well was supplied from this stratum, who, 
not being satisfied with the quantity of water yielded, and desiring to increase 
the supply, penetrated to the underlying sands, and lost the pure element 
altogether.’ (bid. pp. 174-75.) 

Above the ‘ Coralline Beds’ in the Church Quarry would have 
come the Doulting Stone and the Anabacia-Limestones, had they 
not been removed by denudation. At Barns Batch and Barns-Batch 
Spinney, however, are the beds concerning the correct strati- 
graphical position of which Mr. 8. 8. Buckman & the late Edward 
Wilson were in doubt.” I visited both sections, but neither was in 
a satisfactory condition—especially that at the Spinney. Conse- 
quently I am unable to forward matters ; but, in view of what has 
been stated in this paper, the probability is that the Barns-Batch 
Freestone-Beds were deposited subsequently to the ‘ Coralline Beds,’ 
and that they correspond to the Doulting Freestone and the Anabacia- 
Limestones. 

Since, as is now known to be the case, the Upper Yrigonia-Grit 
and the Upper Coral-Bed have so wide a geographical range in the 
West of England, and the Doulting Beds, either in their typical 
form or as Clypeus-Grit and White Oolite (as at Horton in the 
South Cotteswolds), or as the Clypeus-Grit proper, extend over 
an even greater area, it would be surprising indeed if representa- 
tives of the Doulting Beds were absent from Dundry Hill. They 
are most probably represented by the Barns-Batch beds, and the 
likelihood that we are near the top of the Inferior-Oolite Series 
is strengthened by the interesting discovery, made by my friend, 
Mr. J. W. D. Marshall, of a pocket of Fullers’ Karth preserved in a 
cleft in the Inferior-Oolite rocks near Castle Farm, at the western 
end of the hill, Mr. Marshall has favoured me with the following 
observations :— 

‘The occurrence of Fullers’ Earth was first suggested by the discovery of 
several specimens of Rhynchonelia Smithi on one of the spoil-heaps of the 
quarry at “West End” in 1901. In 1902, Mr. B. J. Buckman picked up in 
my presence a well-developed example of Ornithella cadomensis—the form 


which is not uncommon at Midford in the Fullers’ Harth. On the occasion of 
another visit, I found that the whole face of the middle portion of the section 


1 Proc. Cotteswold Nat. F.-C. vol. ii (1859-60) pp. 170-75. 
> Quart. Journ. Geol. Soe. vol. lii (1896) pp. 689-980. 
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was covered with Fullers’-Earth clay, from which were obtained Ihynchonella 
Snithi (25 to 30 specimens), Terebratula globata, auctt. (the variety common at. 
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stribution of the Midford Sands and the direction of the section, it is impossible 


g to the geographical di 


[Owin 


ue thickness of the ‘Sands’ at Timsbury Sleight. See p. 423.] 


to represent the tr 


Midford [and Doulting]), Orni- 
thella ornithocephala, Modiola 
[ Volselia| gibbesa, some fragment 
of Ostrea sp., Holectypus hemt- 
sphericus, some indeterminable 
specimens of lamellibranchs, a 
gasteropod (internal cast), and 
pieces of belemnites. On yet 
another visit, this time im com- 
pany with Dr. A. Vaughan, 
several more brachiopods were 
found, a east of a large Phola- 
domya, and an Ostrea acuminata. 
The last fossil was found ém situ 
by Dr. Vaughan. It is also of 
interest to know that, on this 
occasion, we each found a small 
specimen of an Aulacothyris of 
the same species as that, which 
occurs in the clay that overlies 
the top-beds of the Inferior 
Oolite at Broadwindsor (Dorset). 

‘At the time when Messrs. 
Buckman & Wilson investiga- 
ted this part of the hill quarrying- 
operations had not been prose- 
cuted sufficiently far back to re- 
veal this pocket of Fullers’ Earth 
and other material. One may 
say “‘ other material” advisedly ; 
for, scattered amongst the Ful- 
lers’ Earth, are blocks of lime-. 
stone of an earlier age than that 
formation. (lv hitt., February 
25th, 1907.) 


J interpret the blocks of 
limestone, of an earlier age 
than the Fullers’ Earth, as 
belonging to the Doulting 
Beds. They should be 
searched carefully for the 
little Anabacia of the Ana- 
bacia-Limestones. 


VY. Concrusion. 


In this paper it has beem 
shown that, in the Bath- 
Doulting district, there is. 
no Inferior-Oolite deposit 
of pre - Garantiane date. 
Consequently, there is a 
great non-sequence between 
the Inferior Oolite and the 
underlying beds. Expressed. 


in terms of universal application, all the Aalenian and Bajocian 
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beds are absent: the Bathonian rests non-sequentially upon the 
Toarcian, and in the immediate neighbourhood of the Mendips upon 
the Palzozoic rocks (see fig. 4, p. 422). 

In the hills south of the Avon Valley, at Bath, and as far asa 
line drawn east and west through Carnicote, near Timsbury, the 
Upper 7rigonia-Grit rests upon the Midford Sands. South of this 
line, and between it and one similarly oriented about half a mile 
farther south, it rests upon the jocal Cephalopod-Bed—here of 
greater antiquity than the ‘ Sands’ (Midford); not younger, asin the 
case of the Cotteswold Cephalopod-Bed. South of the latter line, the 
Upper Trigonia-Grit, often conglomeratic, rests upon the non-arena- 
ceous Liassic¢ deposits, until, in the more immediate neighbourhood 
of the Mendip Hills, it is overstepped by the Doulting Stone, which 
rests directly upon the well-planed, bored, and oyster- Heovercd surface 
of the White Lias (Rhetic) and the Carboniferous Limestone. 

On the south side of the Mendips, in the neighbourhood of 
Doulting, the Upper Trigonza-Grit comes in again, and is seen 
in the railway-cutting near that village. 

The Fullers’ Earth at Midford, at least the basal portion, is of 
zigzag hemera. Therefore the Inferior Oolite between it and the 
Upper Zrzgonia-Grit must be of post-Garantiane, pre-ziqzag date. 
This intervening deposit (where fully-developed) admits of sub- 
division into five parts, in descending order: Rubbly Beds, Ana- 
bacia-Limestones, Doulting Stone, Upper Coral-Bed, and Dundry 
Freestone. The Upper Coral-Bed 1s of 7'rwedliz hemera, and a por- 
tion or the whole of the Doulting Stone may be so as well ; but, for 
the present, the Doulting Beds (that is, the Rubbly Beds, Anabacia- 
Limestones, and Doulting Stone) are best regarded as of inter- 
Truellir-zigzag date; and the Dundry Freestone as of inter-Garan- 
tiance-Truellii date. 

In an Appendix (p. 424), Mr. 8. 8. Buckman has correlated 
these beds with those in Dorset, and in a future paper I purpose 
to deal with their equivalents in the South Cotteswolds. 

In another Appendix (p. 426), the late Mr. J. F. Walker and I 
have dealt with the Brachiopoda from the Fullers’ Earth, and have 
named several new species. Below are added figures of Ostrea Knorri: 
a form that does not seem to have often received its correct name 
in this country. 


Fig. 5.—Ostrea Knorri, Voltz. 
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ApprenpIx 1.—On the CorrEnation of the Baru-Dourtine Srrata 
with those of Dorser. By 8. 8. Buckman, F.G.S. 


Mr. Ricnarpson has asked me to say a few words about the 
correlation of the strata described by him with the Upper Inferior 
Oolite+the Fullers’-Earth rocks of Dorset. As I have had the 
opportunity of reading his careful exposition in manuscript, I very 
gladly accede to his wish. 

To make the subject clear I append the following Table (V, 
p. 425), giving the generalized sequence of the strata in North and 
South Dorset and correlating therewith the Bath-Doulting strata. 

About this Table I would make the following remarks :—There 
are three horizons which can be correlated without much difficulty, 
namely: (1) The Fullers-Earth Rock of Dorset and the Fullers’ 
Earth of Midford; (2) Beds with stout-whorled Parkinsonia of 
South Dorset and the Anabacia-Limestones of Bath-Doulting ; 
(3) The Building-Stone of Sherborne and the Upper Trigonia-Grit 
of the Cotteswolds, which Mr. Richardson has followed into the 
Bath-Doulting district. 

fAs to other strata, the Lower Fullers’ Earth and the /Fusca- 
Beds of North Dorset are, I fancy, entirely unrepresented in the 
Bath-Doulting district, where, too, there is but a trace of the 
strata of the zegzag hemera; so that in this North Somerset district, 
as I interpret it, the strata of swbcontractti hemera rest non- 
sequentially in most cases on strata of pre-zigzag date. 

These strata are what Mr. Richardson has called the Anabacia- 
Limestones. There is little to represent them in North Dorset; 
but in South Dorset there are some feet of limestone earlier than 
zigzag and later than Truelli, characterized by certain stout-whorled 
Parkinsonic of the type of P. Schlenbachi, Schlippe. Specimens of 
such stout-whorled Parkinsoniw I have found from the Cotteswold 
Hills to the Dorset coast—for instance, in Gloucestershire in the 
Clypeus-Grit of Sherborne, near North Leach; in North Somerset, 
_at Red Post near Radstock, and in a quarry about half a mile south 

of Doulting; in South Somerset, from the ‘upper beds’ of 
Haselbury near Crewkerne; in Dorset, from what is known as the 
‘2nd bed’ at Burton Bradstock, and its equivalents at Vetney 
Cross and Chideock-Quarry Hill, near Bridport. It may be assumed 
that these beds are all contemporaneous; that the North-Somerset 
finds, which were not wm situ, were really from the Anabacia- 
Limestones ; and that therefore strata of post-Truella date can be 
traced for a considerable distance. The Doulting Freestone is to be 
dated as Truellii hemera; and a slightly-earlier date in the same 
hemera must be given to the Upper Coral-Bed (the ‘ Coralline 
Beds’ of Dundry): a comparison of the recorded Brachiopod-fauna 
of the Truellii-Beds of Dorset-Somerset* with that from the 
‘Coralline Beds’ of Dundry ? gives weight to this suggestion. 

1 «Bajocian of the Mid-Cotteswolds’ Quart. Journ. Geol. Soc. vol. li (1895) 


p. 440. 
_ ? *Dundry Hill’ zdzd. vol. lii (1896) p. 698. 
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Then the Dundry Freestone, which is later than the Upper 
Trigoma-Grit, will be brought to correlate with the Rubbly Beds 
of Sherborne (Dorset), which are in a similar position. 

Such is the general correlation that may be suggested for the strata 
which Mr. Richardson has found in the Bath-Doulting district. 


Appendix II.—Remarxs on the BRacHrIopopa from the Fuuimrs’ 
Karte, By Linspatt Ricuarpson, F.G.S., and the late Jouy. 
Francis Waker, M.A., F.LS., F.G.S., F.C.S. 


Tue following species of brachiopods have been recorded from the 
Fullers’ Earth of England: the species that occur in the district 
described in the foregoing paper being denoted by an asterisk. 


* Terebratula maxillata, Sowerby. *Ornithella cadomensis (E. Deslong-- 
*Terebratula globata, Sow., non auctt. champs). 
*Terebratula globata, auctt., non Sow., | *Ornithella ornithocephala (Sowerby, 
& varieties. pars). 
Terebratula lenthayensis, sp. nov. Ornithella triquetra (Sowerby). 
Terebratula linguifera,S.S.Buckman. Acanthothyris powerstockensis, Buck-- 
* Terehratula doultingensis, sp. nov. man & Walker. 
*Terebratula spheroidalis, Sowerby, | *Acanthothyris doultingensis, sp. nov. 
immature. * Acanthothyris uidfordensis, sp. nov.. 
*Dictyothyris subreticulata (Douvillé). | *Rhynchonella Smithi, Walker. 
*Zeilleria emarginata (Sowerby). - *Rhynchonella plateia, sp. nov. 
*Zeilleria bullata (Sowerby). * Rhynchonella voluta, sp. nov. 
* Aulacothyris Mandelslohi (Opyel). *Rhynchonella Walkeri, Richardson, 
sp. nov. 


ACANTHOTHYRIS DOULTINGENSIS, sp. noy. (Pl. XXVIII, figs. 1 a—1c.): 


Type-locality (7.1.).—Farmeombe Quarry, near Doulting (Somerset). 
Horizon (H.).—Fullers’ Earth (Knorri-Clays). 

Hemera (n). —— 

Collection (Colin.).—lL. Richardson. 

Diagnosis.—Shell globose, wider than long, apical angle acute, 
margins of the shell rounded and somewhat fimbriated. The shell 
_ is coarsely-ribbed, the spaces between the ribs being imbricated, and 
the ribs are ornamented with irregularly-distributed spines. The 
ventral or pedicle-valve has its greatest thickness near the centre, 
sloping towards the anterior margin, where there is a shallow central 
fold which occupies about a third of the width of the shell. The 
beak is short, strongly incurved, and touches the umbo of the dorsal 
or smaller valve. The dorsal valve is moderately convex, thickest 
in the centre, and slightly truncated at the auterior margin, which 
is fimbriated. 

Remarks.—This variety of Acanthothyris is not well-defined, 
but can be separated from A. spinosa (Schlothe:m) by the irregular 
distribution of its spines. It can be distinguished from A. midford- 
ensis, nobis, by its more globose form and acuter apical angle. It 
has generally a greater number of spines, which are more irregularly 
distributed ; but the imbrications between the ribs are similar. 

A. doultingensis has been obtained from the quarry about a mile 
east of Paulton, but it is a rare form. 
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ACANTHOTHYRIS MIDFORDENSIS, sp.nov. (Pl. XXVIII, figs. 2a-2c.) 


T.l. Doulting-Bridge Quarry, zear Doulting (Somerset). 
Hi. Fallers’ Earth (Knorri-Clays). 


Ne 
Colin. L. Richardson. 


Diagnosis.—Shell transversely oval, the width being greater 
than the length, lenticular, moderately convex, margins sharp and 
thin. It is coarsely ribbed (about eighteen on each valve), and 
the spaces between the ribs are imbricated. The ribs themselves are 
sparsely ornamented with spines, which are irregularly distributed— 
the greatest number being on the ribs nearest the lateral margin of 
the shell. ‘The ventral valve has its greatest width and thickness 
near the centre, from which a broad sulcus extends to the anterior 
margin, forming a broad fold which is about a third of the width of 
the shellin breadth. It usually contains four ribs, which are almost 
devoid of spines. The beak is short and sharply recurved at its 
extremity, so as almost to touch the umbo of the dorsal valve. The 
apical angle is very wide, so that the hinge-line is nearly straight. 
The dorsal valve is convex, gradually sloping from the centre towards 
the anterior margin, and has no elevation corresponding to the 
mesial sulcus of the ventral valve. 

Remarks.—Acanthothyris midfordensis differs from A. spinosa 
(d’Orb.) of the ‘ Oolithe ferrugineuse,’ near Bayeux, by its more 
lenticular shape, by being less globose, larger, and having a wider 
apical angle; but resembles A. spinosa in the irregular distribution 
of its spines, which are few in number. It is easily separable by 
these characters from flat forms of A. spinosa. 

Specimens from Midford differ somewhat from that figured, which 
came from Doulting, in having a few more ribs, so that in this 
respect the species is a little variable. 

The fossilis very characteristic of the lower portion of the Fullers’ 
Earth of the Bath-Doulting district, and has been found at the 
Farmcombe and Doulting-Bridge Quarries; between Doulting and 
Cheylinch ; in the railway- and road-cuttings, and at the Fullers’- 
Earth Works, Midford; also at the quarry situated about a mile 
east of Paulton Church. 


AULACOTHYRIS ManpEtsLoui (Oppel). (Pl. XXVIII, figs. 3 a—3c.) 


1857. Terebratula Mandelslohi, Oppel, ‘ Die Juraformation’ p. 495. 

1858. Terebratula alveata, Quenstedt, ‘ Der Jura’ p. 494 & pl. Ixvi, fig. 22. 

1871. Terebratula alveata, Quenstedt, ‘Die Brachiopoden’ p. 349 & pl. xlvii, 
figs. 47-50. 

1884. Terebratula (Waldheimia) Mandelslohi, Oppel; E. Deslongchamps in 
A. d’Orbigny’s ‘ Paléontologie Francaise ; Terrain Jurassique—Brachiopodes’ 
p. 295 & pl. Ixxxv, figs. 3-5. 

Diagnosis.—Shell rhomboidal, longer than wide, the greatest 
width being near the centre of the shell, whence the surface slopes 
towards the beak and towards the anterior margin, which is some- 
what rounded. The edges of the valve are sharp; shell-surface 
smooth. ‘he ventral valve slopes from the centre of the shell 
towards the lateral margins, a steep roof-like elevation being 
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the result. The beak is incurved, and pierced by a small round 
foramen. The beak-ridges are concave. The dorsal valve slopes 
inwards, forming a deep median sinus, which does not quite extend 
to the umbo of the valve. The hinge-line is slightly curved, and 
there is a small deltidium in two pieces. 

Remarks.—Oppel, in his ‘Juraformation’ (p. 495), states that 
A, Mandelslohi resembles fig. 12, pl. iv, of Davidson’s ‘ Brachiopoda.’ 
He also refers to Terebratula { Aulacothyris| impressa. This shows 
that he based his description of the species on a young shell: the 
adult specimens are more like fig. 17 of Davidson. He cites as 
localities the Stuifen and Nipf bei Bopfingen (Swabia) and Egg, 
near Aarau (Switzerland). 

Quenstedt figures an adult shell, giving as locality, Achdorf- 

an-der Wutach (Baden), and says that the form is found in the 
Varians-Schichten, below the Macrocephalus-Bed in the Brauner 
Jura, e. 
In the top-bed of the Lower Limestone (Murchisonice), and there- 
fore immediately below the Pea-Grit proper, are several species of 
Aulacothyris. ‘The narrowest has been identified by Mr. Charles 
Upton with A. alveata (Quenstedt). The other two are broader, and 
possess other additional differences. The middle form, however, is 
that nearest to A. Mandelsloha (Oppel). The specimens found by 
one of us (J. F. W.) in the Fullers’-Harth Rock near Frome 
(Somerset) have the same roof-like ventral valve; but the ridges 
are not so sharp, and the dorsal valve has a shallower sulcus than 
the specimens from the Doulting-Bridge and Farmcombe Quarries. 


DicryoTHYRIS SUBRETICULATA (Douvillé). 


1886. ‘Sur quelques Brachiopodes du Terrain jurassique’ Extrait du Bull. Soc. 
des Sci. hist. & nat. de ’Yonne, 2d semestre, 1885 (Auxerre, 1886). 

Syn. Terebratula reticulata, Sowerby, 1823, ‘Mineral Conchology ’ vol. iv, p. 8 & 
pl. ecexui, figs. 5-6. 

Terebratula coarctata, var. reticulata, Sow.; Davidson, ‘ Monogr. Brit. Foss. 

Brach.’ Suppl. (Paleont. Soc.) vol. iv, 1877, pp. 143-45. 

Non Zerebratula reticulata, Smith, ‘ Strata identified by Organized Fossils’ 1816- 
19, pl. xxx [?] fig. 10; & ‘Stratigraphical System of Organized Fossils’ 
1817, p. 83. 

In 1811 Parkinson called the Bradford-Clay Dictyothyris, Tere- 
bratula coarctata; in 1816-19 William Smith named it Teredratula 
reticulata. Sowerby, according to Douvillé, 

‘reconnaissant lidentité des deux espéeces reprenait le nom de Parkinson qui 

était plus ancien, mais appliquait le nom de 7. meLccner a une forme voisine 
et d’un niveau différent.’ 
Davidson, however, does not explain the employment of both names 
by Sowerby in quite the same way as Douvillé; but, in any case, 
he did not think that the differences pointed out by Sowerby 
were ‘sufficiently constant to authorize the proposed separation.’ 
He therefore united them (op. cit. pp. 59-60), using Parkinson’s 
name. 

Smith’s Terebratula reticulata is the same as Parkinson’s 7’. coarc- 
tata. But Sowerby’s J. reticulata, which he only hesitatingly 
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referred to Smith’s species, is quite different—it is a Fullers’-Earth 
Rock shell. Davidson said that it camefrom the Inferior Oolite, but 
this is an error. Douvillé, misled no doubt by Davidson, referred 
to it as a Bajocian form. Douvillé saw the incorrectness of applying 
Smith's name, which had been given to an already-named species, 
to a shell that was distinct and from quite a different horizon. 
Therefore he proposed the specific name ‘ subreticulata,’ 

My colleague, the late J. F. Walker, died before he had sent me 
his remarks on this fossil, but he had written, ready for sending, 
‘we had better say that we accept Dictyothyris subreticulata, of Douvillé, but 
state that he is in error when he refers it to the Bajocian instead of to the 
Fullers’ Earth.’ 

This was Mr. Walker’s view as early as 1877, as will be seen by 
referring to Davidson’s ‘ Monograph’—I mean that he held that 
Dictyothyris coarctata, Park. and D. reticulata, Sow., were distinct. 


ORNITHELLA* capomeNsIs (KH. Deslongchamps) (Pl. XXVIII, 
figs. 4a & 46.) 


1857. Bull. Soc. Linn. Norm. vol. 11, p. 343 & pl. iv, figs. 3-4. 

1873. E. Deslongchamps, in A. d’Orbigny’s ‘ Paléontologie Francaise: Terrain 
J urassique—Brachiopodes’ p. 312 & pl. Ixxxviii, figs. 8-9, pl. Ixxxix, fig. 1. 

1878. Davidson, ‘ Monogr. Brit. Foss. Brach.’ Suppl. (Paleont. Soc.) vol. iv, p.170 & 
pl. xxii, fig. 9; young specimens, pl. xxiv, figs. 14 & 15. 

Diagnosis.—Shell ovoid, longer than wide, widest near the 
centre of the shell, from which it tapers towards the straight anterior 
margin. Shell-surface smooth, though marked with concentric 
lamelle. Valves inflated, but the dorsal valve is somewhat com- 
pressed near its beak; it shows a dark line, extending nearly to 
the anterior margin, which indicates a long median septum. The 
ventral valve is convex, gradually sloping towards the rounded 
lateral margins. Beak straight, but incurved at its extremity, and 
terminated by a small circular foramen, which is separated from the 
dorsal valve by a small deltidium in two pieces. Beak-ridges sharp 
and concave ; hinge-line curved. 

The young specimens are subcircular, and less globose than the 
immature forms of Ornithella ornithocephala. 

Remarks.—Ornithella cadomensis (K. Desl.) differs from the 
O. ornithocephala of the Fullers’ Karth in being much more inflated, 
in the beak-ridges being more sharply-defined, in the greater 
distance of the beak from the umbo, and in being marked with 
concentric lamelle. 

O. cadomensis was first found in England in the Fullers’ Earth 
of ‘Charlcourt’, near Bath. There are slight differences between the 
Continental shell and the British. In the latter the lamelle are 
less pronounced, and the shell is somewhat wider. 

Deslongchamps has separated the shells obtained from the 


1 Deslongchamps gave the subgeneric name ‘ Ornithella’ before ‘ Microthyris.’ 
These have been united by Hall & Clarke and called Microthyris, but they give 
no reason for so doing ; see their ‘ Introduction to the Study of the Brachiopoda’ 
pt. ii, 13th Ann. Rep. State Geoiogist N.Y. for 1893, vol. ii (1894) p. 884. 
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‘couches & Hudesia cardium’ from Sowerby’s O. ornithocephala, and 
has called them Zeillerica ranvilhiana.’ 


ORNITHELLA ORNITHOCEPHALA (Sowerby, pars). (Pl. XXVIII, figs. 
5a & 5D.) 

1812. ‘ Mineral Conchology ’ vol. i, p. 227 & pl. ci, fig. 2. 

1851. Davidson, ‘ Monogr. Brit. Foss. Brach.’ (Paleont. Soc.) vol. i, pt. iii, p. 40 & 
pl. vu, figs. 6, 9, 12. 

1878. Id. Suppl. vol. iv, p. 167, pl. xxii, fig. 2 & pl. xxiv, fig. 27. 

1884, E. Deslongchamps, in A. d’Orbigny’s Paléontologie Francaise : Terrain 
Jurassique—Brachiopodes,’ p. 303 & pl. Ixxxvii. 

Diagnosis.—Nhell oval, elongated, longer than wide, the greatest 
width being near the centre of the shell, from which it gradually 
slopes towards the anterior margin, which is generally more truncate 
in adult specimens and more rounded in young. ‘The shell is in- 
flated, and somewhat swollen at the umbo of the dorsal valve. The 
greatest thickness of the shell is near the centre, from which the 
surface slopes towards the lateral and anterior margins. The beak of 
the ventral valve tapers, and is suddenly recurved, nearly touching 
the umbo of the dorsal valve. The beak-ridges are very slightly 
concave. ‘The foramen is small and round. Shell-surface smooth. 

Remarks.—In this species the young shells are more inflated 
and globose, and more rounded at the anterior margin, than the 
adult. As the shell grows the length appears to increase more than 
the breadth, and it becomes thinner towards the margin. The 
anterior margin becomes more truncate, and sometimes bilobate. 

This species differs from Ornzthella cadomensis (K. Desl.) in not 
being depressed near the umbo of the dorsal valve, in 
not showing well-marked lamelle, in having its beak-ridges less 
concave, in the beak nearly touching the dorsal valve, and in the 
hinge-line being less straight. It is, however, difficult to separate 
some specimens.” 


RuyNcHONELLA votuta, sp. nov. (Pl. XXVIII, figs. 7a & 70.) 


Tl. Farmcombe Quarry, near Doulting (Somerset). 
HT, Pullers’ Karth (Amorri-Clays). 


N. 
Oolln. Lu. Richardson. 


Diagnosis.—Shell wider than long, asymmetrical, being dis- 
placed or twisted so as to divide the shell into two approximately- 
equal parts—the front of one half of the shell being more elevated 
than the other. The shell is ornamented by strong, well-developed 
ribs. The ventral valve is twisted, so as to be divided into two 


1 In d’Orbiguy’s ‘ Paléontologie Frangaise: Terrain Jurassique—Brachio- 
podes’ 1885, p. 426. 

2 Inthe MS. submitted to my colleague for revision, he inserted the following 
sentence :—‘ The Fullers’- Earth specimens will require a new name, as Sowerby’s 
shell is from the Cornbrash. I should lke to call it Ornithella fullonensis.’ 
His sudden death prevented me from discussing the matter; but, until I have 
seen more Cornbrash forms, I prefer to reserve an opinion, and employ the old 
name.—L, Lf. 

3 Latin, volutus, a, wm, twisted. 
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equal parts, each containing about ten strong ribs, which are 
lengthened and depressed on one side of the anterior margin. The 
beak is long, acute, and pointed, recurved at the extremity, but 
is separated by a foramen from the umbo of the dorsal valve. The 
beak-ridges are sharp and well-defined. The dorsal valve is slightly 
compressed near its umbo, and is also twisted—half of the ribs 
being lengthened to meet the shorter ribs of the larger valve. The 
anterior margin of the shell is gradually elevated on one side to the 
middle of the shell, then sharply depressed, and again gradually 
elevated to the edge of the shell. 


RHYNCHONELLA PLATEIA,’ sp. nov. (Pl. XXVIII, figs. 8 a-8 c.) 


Tl. Farmcombe Quarry, near Doulting (Somerset). 
H. Fullers’ Earth (Knorri-Clays). 


Colin. L. Richardson. 

Diagnosis.—Shell equilateral, its length being nearly equal to 
its width, and ornamented by well-developed ribs. The ventral 
valve is slightly convex, curving towards the beak, and depressed in 
the middle, forming a wide central fold, which is compressed towards 
the anterior margin. The beak is prominent, curved at its extremity, 
and separated from the dorsal valve by a rounded foramen with 
deltidial plates below. The beak-ridges are well-defined. The 
dorsal valve is nearly flat, but slopes sharply towards its umbo, 
giving it an equilateral form ; it is ornamented with strong ribs, 
which radiate from the umbo. ‘The anterior margin has a wide com- 
pressed fold. 

Remarks.—This shell is remarkable for the flatness of the 
smaller valve and for its equilateral] shape: hence the specific name. 


RHYNCHONELLA SmitHi, Walker. 


1877. Walker in Davidson, ‘Monogr. Brit. Foss. Brach.’ Suppl. (Paleont. Soc.) 
vol. iv,.p. 213 & pl. xxviii, figs. 1-3. 

This shell is very characteristic of the Fullers’ Earth. The 
Rhynchonella varians of Schlotheim is a collective species. The term 
‘varians’ might be used as a subgeneric name. 

Rhynchonella Snuthi has been found at Chesterblade, Whatley, 
Oldford, and Midford, but not in the immediate neighbourhood of 
Doulting—for example, at the Doulting-Bridge or Farmcombe 
Quarries. 


RaynceHoneLLs Watxert, Richardson,’ sp. nov. (Pl. XXVIII, 
figs. 6 a—6 d.) 
Tl. Wellow, near Radstock. 
H. Fullers’-Earth Rock. 


n. subcontractt. 
Colin. Charles Upton. 


Greek, wAarus, -eta, -v, flat. 
* Before Mr. Upton sent me this specimen I had to mourn the loss of my 
colleague. I dedicate this species to Mr. J. F. Walker, as a slight recognition 
of the services that he has rendered to students of the Brachiopoda. 


@. 226.5: Nor Zaz Oar 
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Diagnosis.—Shell small, platyspheroidal, slightly broader than 
long, with a prominent triplicated mesial fold. The ventral valve 
is somewhat tumid in the region of the beak, but slopes slightly 
towards the middle, where the deep mesial sulcus commences. 
There are two ribs in the sulcus, and three prominent and three less 
prominent ribs on each side. The beak is sharp, not very prominent, 
and has acute beak-ridges. ‘The dorsal valve is tumid near the 
umbo, but becomes flat along the top of the fold, while it slopes 
away on either side. ‘Three ribs occur on the ‘told, and three 
prominent and two less defined ribs on each side of it. 


temarks.—Only one specimen of this distinctive shell has 
come under my notice. 


TEREBRATULA LENTHAYENSIS, Sp. nov. (Pl. XXIX, figs. 2a & 26.) 


T.l. Lenthay, near Sherborne (Dorset). 
a Fullers’ Earth. 


Collin, L. Richardson. 


Diagnosis.—Shell sonneeeetiorsidal: Ventral valve regularly 
convex, with a well-formed beak pierced by a conspicuous circular 
foramen which almost touches the umbo of the dorsal valve. Dorsal 
valve inflated and also regularly convex, without any indications of 
flattening of the umbonal region. The anterior margin is but 
slightly raised in mature specimens to form a wide fold. 

Remarks.—tThis fossil differs from Terebratula spheroidalis in 
its regularly elongato-spheroidal form—not being so globular. In 
the young of 7. spheroidalis the umbonal region of the dorsal 
‘ valve is flattened, and growth proceeds principally by additions to 
the anterior margin, whereby the flattened area becomes more and 
more turned towards the beak of the ventral valve, and parted 
farther and farther by apparently-imbricating lamelle from the 
anterior margin of the ventral valve. 


TEREBRATULA DOULTINGENSIS, sp. nov. (Pl. XXIX, figs. 1 alc.) 


T.1. Farmcombe Quarry, near Doulting (Somerset). 
a Fullers’ Earth (Knorri- agli 


Coll, L. Richardson. 


Diagnosis.—Shell spheroidal in general appearance. Ventral 
valve somewhat pyriform, inflated, incipiently monoplicate; beak 
large, gibbous; foramen large and of Yerebratula-decipiens aspect. 
Dorsal valve also much inflated, especially in the region of the 
umbo. Anterior margin with a well-marked fold. 

Remarks.—tThis species resembles a dwarfed form of Terebratula 
globata, Sow., non auctt., but from typical examples is differentiated — 
by its more pyriform aspect, more inflated beak, and less conspicuous 
anterior fold, which in the present species is monoplicate, while in 
T. globata, Sow., it is incipiently biplicate. 

The present species has only been recorded from the Doulting- 
Bridge and Farmcombe Quarries, near Doulting. 
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TEREBRATULA MAXILLATA, Sowerby.’ (Pl. XXIX, figs. 3a-3c.) 
1825. ‘ Mineral Conchology ’ vol. v, p. 52 & pl. cccexxxvi, fig. 4. 


Sowerby’s figured specimen came from the Fullers’-Earth Rock 
of Nunney, near Frome; that figured in the present paper comes 
from Whatley, near Frome, where it was collected from the Fullers’- 
Earth Rock by the late J. F. Walker. 


TeREBRATUL’ SPHHROIDALIS, Sowerby (immature). 


Immature specimens of this shell, showing the flattened umbonal 
region of the dorsal valve so characteristic of the young of the 
species from the ‘ Top-Beds’ of the Inferior Oolite of Dorset, are 
by no means uncommon at the Doulting-Bridge and Farmcombe 
Quarries. 

This form is not likely to be the young of 7. doultingensis, 
because, if it were, we should expect to find in the umbonal region 
of the dorsal valve similar inflation. But we do not; in fact, 
just the opposite is the case—it is remarkably flat. 


TEREBRATULA GLOBATA, Sowerby, non auctt.. (Pl. XXIX, figs. 4a- 
4 ¢.) 
Tf. 1825. ‘Mineral Conchology ’ vol. v, p. 51 & pl. cccexxxvi, fig. 1. 
Loc. of specimen figured in this paper : Whatley, near Frome (Somerset). 
Hi. Fullers’-Earth Rock, Bathonian. 


n. subcontracti. 
Collin. L. Richardson. 


Diagnosis.—Shell nearly circular, slightly pentagonal, longer 
than wide, owing to the projection of the beak. The lateral margins 
of the shell are sharp, and are curved to one-third of the anterior 
margin of the shell, the remaining space being occupied by an 
incipiently-biplicate fold which forms the anterior margin. Shell- 
surface almost smooth, being marked only by indistinct lines of 
growth. ‘The ventral valve is less convex than the dorsal, sloping 
towards the front margin. The sides of the valve form a gentle 
curve to the centre, thence slope tuwards the+incipiently-biplicate 
anterior margin. Beak large, and perforated by a large circular 
foramen. Dorsal valve very inflated. 

Remarks.—tThe literary history of this species is most un- 
fortunate. Mr. 8. 8. Buckman’s timely researches have shown 
that the true Terebratula globata of Sowerby is the form to which 
my late colleague had given the MS. name of 7’. whatleyensis.* 
‘ T. whatleyensis, Walker, MS.,’ Sowerby’s 7. globata, is a very rare 
shell indeed : not acommon one, as it has been customary to suppose. 

Terebratula globata, Sow., was also confused with the same 
author's ‘ 7.’ bullata, until one of us (J. F. W.) discovered that 
the latter had a long loop, as was indicated by a dark median 
septum.* During the time when ‘ 7.’ bullata was considered to be 


1 Note by L. Richardson. 

2 Paragraphs by L. Richardson. 

3 Ann. & Mag. Nat. Hist. ser. 7, vol. xx (1907) pp. 225-26. 

+ See Davidson’s ‘ Monogr. Brit. Foss. Brach.’ Jurassic Suppl. p. 187. 
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a Ferebratulait was confounded by most foreign paleontologists with 
plaited specimens of Terebratula globata from the Parkinsoni-Zone. 
Mr. S. 8. Buckman has given names to some of the forms which 
it has been customary to call Terebratula globata. More in- 
formation, however, is desirable on this remarkable group, and in 
the meantime I prefer to call those forms which have always been 
referred to as 7’. globata, Sow., 7’. globata, auctt., non Sow. 


ZEILLERIA EMARGINATA (Sowerby). 


Mr. 8. 8. Buckman has figured aspecimen of Zeilleria emarginata 
from the Fullers’-Earth Rock of Nunney, near Frome.’ From it, 
the specimen obtained at Farmcombe differs in being much narrower. 
The Fullers’ Earth of Farmcombe, however, is of earlier date than 
that of Nunney. This probably accounts for the difference, but 
Zeilleria emarginata, of course, varies considerably in width. 


Apprnpix I11.—On New Seerctus of AMBERLEY A and of 
SprrorBis. By LiyspaLtt RicHaRpson. 


AMBERLEYA HUDLESTONI, sp. nov. (Hig. 6.) 


T.l. Road-section, Midford, near Bath (Somerset). 
H. Upper Coral-Bed, Bathonian. 
n. Truellii. 
Colln. Li. Richardson. 
Diagnosis.—Shell turbinate, rotund, turrited; whorls more con- 
vex than is usual in the Amberleya- 
Fig.6.—Amberleya Hudle- group. The ornaments consist of 
stonei, sp. nov. (Natural five to six granulated spirals: the 
size.) first or uppermost (that nearest the 
posterior suture) being the finest, 
and the third and fourth the most 
prominent; while the sixth only 
makes its appearance on the pen- 
ultimate whorl (just before the com- 
mencement of the body-whorl) as a 
thin thread like that nearest the 
posterior suture. There are seven 
or eight finely-granulated spirals on 
the base—the granulations on all the 
spiral lines being produced by the 
numerous transverse linez. The 
aperture is subcircular. 
Remarks.—this specimen was 
submitted to Mr. W. H. Hudleston, 
who wrote :— 


‘This is too rotund and highly-ornamented for the typical Amberleya ornata. 


1 Proc. Cotteswold Nat. F.-O. vol. xiii (1899-1901) pl. xiii, figs. 5a—de. 
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I do not seem to haye figured anything exactly corresponding to this form 
from the Inferior Oolite. It differs from the Dundry type, and might almost 
constitute a distinct species.’ 

I dedicate this species to Mr. Hudleston, who has contributed so 
materially to our knowledge of the Inferior-Oolite Gasteropoda of 
this country. 

I have also collected this species from the bottom-beds of the 

Clypeus-Grit of Rodborough Hill, near Stroud. 


SPIRORBIS MIDFORDENSIS, Sp. nov. (Fig. 7.) 


T.1. Road-section, Midford, near Bath. 
H. Upper Coral-Bed. 
9. Truelliz. 
Colin. L. Richardson. 


Diagnosis.—Tube minute, twice spirally enrolled ; fiat on the 
. _ side by which it was attached ; 

Fig. 7.—Spirorbis midfordensis, externally ornamented with 
sp. nov. (Magnified about wavy longitudinal linez (which 
15 diameters.) are often worn off, leaving the 

ee — shell-surface smooth), and in the 
2s region of the aperture often 
exhibiting several coarse folds, 
which are most divergent on the 
periphery. The aperture is sub- 
pentagonal, but more angular in 
some specimens than in others. 

Remarks.—this Spirorbis is 
very characteristic of the Upper 
Coral-Bed, where it occurs in 
great numbers. Mr. Charles 
Upton has obtained it from this 
bed at Midford, and at Wor- 
gan’s Quarry, near Stroud; and 
Mr. E. Talbot Paris showed me a 
dwarfed Pseudoglossothyris sum- 
plew, from the Pea-Grit of Crickley Hill, with a number of 
specimens of the Spirorbis adhering to it. 

Sprrorbis madfordensis closely resembles Serpula valvata, Gold- 
fuss, from the Muschelkalk, but is separable therefrom by its usually 
more angular mouth and by its surface-ornamentation. 


EXPLANATION OF PLATES XXVIII & XXIX. 
[All the figures, except 6 d in Pl. XXVIII, are of the natural size.] 
Prats XXVIII. 


Figs. 1 a-le. Acanthothyris doultingensis, sp. nov. (See p. 426.) 
la=dorsal view; 1b=lateral view; 1c¢c—=anterior view. 
Horizon: Fullers’ Harth, Bathonian. Locality: Farmcombe 
Quarry, near Doulting. CoJln.: L. Richardson. 
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Figs. 2a-2c. Acanthothyris midfordensis, sp. nov. (See p. 427.) 
2a=dorsal view; 2 b=lateral view; 2c=anterior view. 
Horizon: Fullers’ Earth. Locality: Farmcombe eae near 
Doulting. Colln.: L. Richardson. 
3a-8 ¢. Aulacothyris Mandelslohi (Oppel). (See p. 427.) 
3 a=<dorsal view; 3b=anterior view; 3c=lateral view. 
Horizon: Fullers’ Earth. Locality: Doulting-Bridge Quarry, 
near Doulting. Colln.: L. Richardson. 
4a&46. Ornithella cadomensis (K, Deslongchamps). (See p. 429.) 
4 a=lateral view ; 4b=dorsal view. 
Horizon: Fullers’ Harth, Locality: Midford, near Bath. 
Collun.: L. Richardson. 
5a@&5b. Ornithella ornithocephala (Sowerby). (See p. 480.) 
5a=dorsal view; 56=lateral view. 
Horizon: Fullers’ Karth. Locality: Near Dyrham (South Cottes- 
wolds). Colln.: L. Richardson. 
6a-6 d. Ehynchonella Walkeri, Richardson, sp. nov. (See p. 431.) 
6a=dorsal view ; 6b= =yentral view ; 6 c=lateral view; 6d=dorsal 
view, X 1-5. 
Horizon: Fullers’ ~Earth Rock. Locality: Wellow, near Rad- 
stock. Colln.: Charles Upton. 
Ta& 76. Rhynchonella voluta, sp. noy. (See p. 430,) 
7 a=dorsal view ; 7 b= anterior view. 
Horizon: Fullers’ Earth. Locality: Farmcombe Quarry, near 
Doulting. Colln.: L. Richardson. 
8a-8 e. Rhynchonella plateia, sp. nov. (See p. 431.) 
8 a=dorsal view ; 8b=anterior view; 8 c=lateral view. 
Horizon: Fullers’ Earth. Locality: Farmcombe Quarry, near 
Doulting. Colln.: L. Richardson. 
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Figs. la-le. Terebratula doultingensis, sp.nov. (See p. 482.) 
1 a=dorsal view; 1 6=lateral view ; 1 c=anterior view. 
Horizon: Fullers’ Earth, Bathonian. Locality: Farmcombe 
Quarry, near Doulting. Colln.: L. Richardson. 
2a&2b. Terebratula lenthayensis, sp. nov. (See p. 482.) 
2a=lateral view; 2b=dorsal view. 
Horizon: Fullers’ Harth. Locality: Lenthay, near Sherborne. 
Colln.: L. Richardson. 
3a-3¢. Terebratula maxillata, Sowerby. (See p. 433.) 
3 a=dorsal view ; 3 d=anterior view ; 3c=lateral view. 
Horizon: Fullers-Harth Rock. Locality: Whatley, near Frome. 
Collu.: L. Richardson. 
4a-4c¢. Terebratula globata, Sowerby, non auctt. (See p. 433.) 
4 a=dorsal view ; 4b=anterior view; 4c=lateral view. 
Horizon: Fullers-Earth Rock. Locality: Whatley, near Frome. 
Colln.: L. Richardson. 


[For the Discussion, see p. 443. | 
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I. IntRopvuction. 


THE upland district between the Rissingtons on the west and 
Burford on the south-east is much furrowed by combes, but, owing 
to the highest beds that have escaped denudation having been 
inclined south-eastward, the surface has a general slope in that 
direction. 

On the north-east lies the southern portion of the Moreton Valley, 
on the west the flat-bottomed Vale of Bourton. The one valley 
is strewn mainly with sand and pebbles brought from a distance, 
the other with material of purely-local origin. Both valleys have 
had a somewhat similar origin: the Moreton Valley has resulted 
from the denudation of an anticline, along which the Inferior- 
Oolite rocks must always have been thin, the Vale of Bourton 
from the denudation of an ellipsoidal pericline. 

The western and north-western limits of the district converge 
to the north, conjoining at the promontory-like Iecomb Hill, which 
overlooks the narrow valley traversed by the railway between Stow- 
on-the-Wold and Chipping-Norton Junction. On the south is the 
Barrington-Taynton Valley, and on the south-east the neck of high 
ground that joins the tract under consideration to the main 
hill-mass. 

The ‘solid’ rock that floors the Vale of Bourton, the valley to 
the north of Iccomb Hill, and the Moreton Valley, is Lower Lias. 
A gentle slope leads up to the Marlstone platform, upon which 
Little Rissington is wholly, and Great Rissington is partly built. 
The Marlstone platform extends from Dodd’s Mill northwards along 
the eastern side of the Bourton Valley, round Iccomb Hill, past 
Iccomb village, and Westcott, Idbury, and Fyfield to Little Milton ; 
but on this north-eastern side of the hill-country, as the Marlstone 
is traced from north-west to south-east, it becomes more and more 
difficult to locate. The Marlstone also appears in places in the 
centre of the district—in the deep valleys around Tangley and 
Taynton. 
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Above the Marlstone is the Upper Lias, a clay-formation from 
top to bottom—at Little Rissington about 100 feet thick, and near 
Milton (deste Prof. H. Hull) about 20 feet. 

Upon the Upper Lias rests the Clypeus-Grit subdivision of the 
Inferior Oolite. All the intervening beds, which at Leckhampton 
Hill measure something like 200 feet (and on the Cleeve-Hill 
plateau considerably more), are absent. 

Briefly, the explanation of their absence is as follows:—The 
Moreton Valley marks a line of weakness. Some Inferior-Oolite 
beds that were probably deposited across it have been anticlinally 
disposed and removed, and others have thinned out in its direction. 
Klevatory movements were doubtless of frequent occurrence, and it 
is improbable that the Inferior Oolite deposited across the axis ever 
attained any considerable thickness. 

Just before the Upper TZrigonza-Grit was laid down, there 
occurred crust-pressures as severe as any that took place in 
Inferior-Oolite times. In the Cotteswold-Hill district the beds 
were thrown into a number of slight anticlines and synclines. 
The maximum removal of deposit naturally took place in the 
neighbourhood of the anticlines, and as the Moreton anticline was 
one of the principal axes of elevation, it is not surprising to find 
that there is no pre-Garantiane Fnferior-Oolite deposit left in its 
Immediate neighbourhood. In the Rissington district the Upper 
Trigonia-Grit is missing as well. It may have been deposited and 
removed by a relatively-slight erosion that took place in some parts, 
while the Dundry Freestone was being formed over a restricted 
area in Northern Somerset, and the Upper Coral-Bed over a far more 
extensive area; but, on the other hand, it may never have been 
deposited at all in the neighbourhood of the Rissingtons, owing to 
the insufficient submergence of the area in the Garantiane hemera. 

At the present time—at all events, in the district under con- 
sideration—the Clypeus-Grit rests directly upon the Upper Liassic 
clays. 


II. Comparison oF THE [NFERIOR-OoLITE DEPOSITS OF THE 
Batru-Dovuttine anp Risstneton-BurRForRD DIstRIcTs. 


In the Bath-Doulting district the Upper Trigonia-Grit rests 
directly, and therefore non-sequentially, upon the Upper Lias; in 
other words, the Bathonian and Toarcian are in apposition, and the 
whole of the Bajocian and Aalenian are absent. In the more 
immediate neighbourhood of the Mendip Hills the Doulting Stone 
oversteps on to the Carboniferous rocks. 

In the Dundry—Timsbury—English Combe area, above the Upper 
Trigonia-Grit comes the Dundry Freestone, the geographical extent 
of which is inconsiderable. The Freestone is succeeded by the 
Upper Coral-Bed, which overlaps it. Above the Upper Coral-Bed 
are the following subdivisions, with their leading fossils indicated 
alongside :— 
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Subdivision. Leading Fossil. 


a i Terebratula globata, auctt., Holectypus hemisphericus, 

I. Rubbly Beds. Agassiz, Pholadomya Murchisoni (Sow.), and Vol- 
| sella gibbosa (Sow.). ee 

| Anabacia complanata (Defrance), Terebratula globata, 

Limestones. | auctt., non Sow., Nerinea Guisei, Witchell. 


| III. Doulting 
Stone. 


Dovuttine Breps 


( 

| 

4 IL. Anabacia- 
| 

| 

\ 


| Clypeus Agassizi (Wright), Terebratula globata, auctt. 


It is unnecessary to give any details concerning these deposits, 
because they have been fully dealt with elsewhere in this Journal 
(pp. 383-436) ; but it may be as well to emphasize the fact that 
the Rubbly Beds are typically developed at Doulting-Bridge and 
Farmcombe Quarries, near Doulting (Somerset); and that at 
Midford there is only a very thin rubbly bed, full of Zerebratuia 
globata, auctt. (flat form), which rests upon a bored and waterworn 
surface of the Anabacia-Limestones—the greater part of the Rubbly 
Beds being absent. — 

The Fullers’ Earth succeeds the Rubbly Beds; and in the Midford 
area the lower portion, at any rate, is of zigzag hemera. The Upper 
Coral-Bed is of Zruwellixt hemera, and the Doulting Stone may be 
of that hemera also; but the Anabacia-Limestones and Rubbly Beds 
appear to be of inter-7ruellu-zigzag date. 

In the Rissington-Burford district there is no Upper Trigonza- 
Grit nor Upper Coral-Bed, but the Olypeus-Grit rests directly upon 
the Upper Liassic clays. In the neighbourhood of Iccomb Camp 
the Clypeus-Grit is said to be from 30 to 40 feet thick. The top- 
portion is rubbly, the bottom and greater portion massive-bedded. 
The Rubbly Beds of the Bath-Doulting district may be paralleled 
with the similarly-designated beds of the Rissington-Burford 
district. The Anabacia-Limestones are intimately connected with 
the Doulting Stone, and the two deposits together may be paralleled 
with the ‘ Massive Beds’ of the district under review. 

The comparison may be carried further. Above the Rubbly Beds, 
in a quarry near Great Rissington, is a thin clay-deposit with a 
median bed of hard, brown, non-oolitic limestone (83 to 6 inches) 
full of Ostrea acuminata, Sowerby. Similar bands of rock are 
frequently found in the Fullers’ Karth, and I have little doubt that 
we have here the equivalent of a considerable portion of the 
Fullers’ Earth as developed in the Mid Cotteswolds and in the 
northern portion of the South Cotteswolds. Ihave not been able to 
date the clay, but it is certainly post-Truellii. At the base of the 
Fullers’ Karth, and constituting the top-band of the Rubbly Beds, 
is a rubbly limestone, about 6 inches thick, crowded with Terebratula 
globata, auctt. It belongs to the Clypeus-Grit, because the echinoid 
Clypeus Plott was found in it. 


* H. Hull, ‘The Geology of the Country around Cheltenham’ Mem. Geol. 
Surv. 1857, p. 47. 
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Midford and Great Rissington are far apart, and to claim con- 
temporaneity for the ‘ Globuta-Bed’ at the two localities may 
appear rash. Nevertheless, I feel satisfied that such is the case. 

The Fullers’ Earth of Great Rissington is barely a foot thick. 
Above it are the basal Great-Oolite beds—pale-brown, non-oolitie, 
and rotten-looking limestones, frequently almost entirely composed 
of shell-débris (Ostree of the O. acuminata-type). When weathered, 
these shell-fragments become white, and are then very conspicuous 
on the surface of the rock. The succeeding strata are greyish 
limestones, with few oolite-granules and a matrix of calcite. They 
are, as a rule, fairly regularly bedded, shelly, and of a browner colour. 
But their most characteristic feature consists in the occurrence of 
black specks—which are sporadically distributed throughout the 
rock, and proved, on being dissolved out, ignited, and tested with 
lime-water, to be carbon (coal). These black-speckled and rather 
uninteresting-looking limestones occur over a fairly-extensive area. 

The junction of the Rubbly Beds with the overlying deposits is 
rarely seen in this district, but Mr. H. B. Woodward, F.R.S., 
notices two—one 


‘north-east of Dodd’s Mill, Barrington Spinneys,’ which ‘ showed apparently 
the upper beds of the Inferior Oolite, consisting of about 6 feet of rubbly and 
marly oolite, with grey clay in pockets on the top’; and the other ‘ east of the 
county-boundary at Little Barrington, where again clay was seen resting upon 
‘pale, coarse-grained oolite, lime-washed: Clypeus Ploti, Terebratula globata 


[auctt. |.’ 

Therefore it should be noticed that, wherever in this district the 
junction of the Clypeus-Grit and the succeeding bed has been 
seen, no intervening limestone-deposit answering to the Chipping- 
Norton Limestone has been observed—the Fullers’ Earth rests 
directly upon the Rubbly Beds. 


TI. Descrierion or SEcrions. 


The most important exposures are at Great Rissington, because 
within a very short space nearly the complete sequence from Upper 
Lias to Great Oolite can be made out. 

Passing through the village, and therefore over the outcrop of 
the Upper Lias, two quarries will be seen on the left-hand side of 
the road: in the first are the ‘ Massive Beds’ of the Clypeus-Grit, 
capped by the Rubbly Beds; in the second quarry the lowest 
beds seen are rubbly limestones, some of which are coarsely oolitic, 
others pisolitic. But in neither of these varieties of rock are fossils 
common. Clypeus Plott occurs very abundantly in the associated. 
softer oolitic material, and ‘ Terebratula globata’ and Pholadomya 
Murchisoni are not infrequent. ‘The information obtainable here 
is best presented as follows :— 


1 <The Jurassic Rocks of Britain—The Lower Oolitic Rocks of England 
(Yorkshire excepted)’ Mem. Geol. Surv. vol. iv (1894) pp. 144-45. 
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Section in the second Quarry at Great Rissington. 


Thickness in feet inches. 
§ Limestones, brownish, black-speckled. 
Guan C Outre. | Limestones, rotten-looking, Ai 
Haiee Clay, greenish-grey, with a band of lime- 
Baan stone full of Ostrea acuminata, Sow. 
; i) ter oO te GOMES) oe. ood so .c oc 4 dave idaceee vec 1 0 
ca. Limestone, ‘Globata-Bed’; Terebratula 
| globata, auctt., and Clypeus Ploti ...... as © 
Rubbly Beds. 4 b. Limestones, rubbly ; CZypeus Ploti, Klein, 
Terebratula globata, auctt., aud Phola- 
L LOMA MEER EMISONG Vad anna sacca vine dee: Ser oeOe 
ie : _» | Limestones, more massively bedded; Clypeus 
L Massive Beds. Ploti, Terebratula lata auctt. : eae. 12 0 
Upper Liss. Clay. 


ey 


Inrrrior Oo.uitr, 


The finest sections of the Clypeus-Grit are on the hill east of 
Little Rissington, where, on the north side of the road, two quarries 
afford much the same section. 


Little-Rissington Quarries. 


Thickness in feet inches. 
Russiy Beps. 6. Limestones, rubbly; Clypeus Ploti, Klein, 
Terebratala giobata, auctt., Berenicea sp. 
(on ‘7. globata’), Pholadomya Murchisone 
(Sowerby), Plewromya Goldfusst (Lycett), 
Pecten (Campitonectes) arcuatus, Sowerby ; 
passing down into 
‘Massive Beps.’ Limestones, more massive : S€eN ..........eseeceee 6 0 
Rubble 0 D 


Seer wees er eesersee TPH ees eseeesaessasessessessse~s 


Limestone, coarse, oolitic; occasional specimens 
of Terebratula globata, auctt., and Pecten 


(Syncyclonema) demissus, Phillips ...... etiares 2 0 
Limestone-rubble ; Clypeus Plott very common : ' 
PERRO PETC OS eit cia ash yolk pire sia’ cinpirse whiner escbes 0 6 
HMeESTOnE, MASSIVE, OOLIGIC So.i cece coadscd saccades 2 8 
Re CLYPCUS PUOLE 06. .ccarayainmacneinoensnenees 0 3 


Limestone, massive, oolitic: seen 


The Clypeus-Grit is also exposed in quarries, near Wyck Beacon ; 
at the cross-roads five-sixths of a mile slightly north of east of 
Little-Rissington Church ; at the turning to Gawcombe Farm ; by 
the side of the track over Westcott Common; at Far-Hill Barn : 
and, in the southern part of the district, in a quarry a little over 
half a mile north-west of Taynton. 

The disused quarry at Far-Hill Barn is situated at the north- 
western corner of a very small field, at the south-eastern corner of 
which a spring bursts forth, coming off the Upper Liassic clays. The 
change in the nature of the ground, with which is correlated a 
change in the flora, is both marked and instructive. The spring at 
the head of the combe, a mile and five-eighths east by north of 
Great-Rissington Church, flows off the Upper Liassic clays; and 


1 Mr. Charles Upton washed some of this clay, and found in it three speci- 
mens of Cristellaria rotulata, Lamarck. 
2 About 8 feet, may be more. 
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from the Clypeus-Grit in contact with those clays the usual fossils 
were obtained. 

The high ground, situated principally to the north-west of the 
spring Just noticed, is largely composed of the black-speckled rocks, 
which have been worked in several places. The higher Great- 
Oolite Beds come on to the south-east, and are magnificently 
exposed at Grove’s Quarry, Little Milton. 


IV. Concrusion. 


There are several points of similarity between the Bath-Doulting 
and the Rissington-Burford districts: both districts are near lines of 
country along which movements of upheaval were frequent during 
the time of formation of the Inferior-Oolite rocks. As a result, 
in the former district, up to a line at a certain distance from the 
Mendip Hills, the Upper Trigonia-Grit rests on the Upper Liassic 
deposits without any intervening rocks; and nearer still the ‘ Grit’ 
is overstepped by the Doulting Beds, which, in the immediate 
neighbourhood of the Mendip Hills, rest upon the Carboniferous 
Limestone. 

The Doulting Beds are equivalent to the Clypeus-Grit. of the 
Rissington-Burford district, the Rubbly Beds to the Rubbly Beds, 
and the Anabacia-Limestones, together with the Doulting Stone, 
to the ‘ Massive Beds.’ Clypeus Agassizi is the characteristic 
echinoid of the Vallis-Doulting Stone, Clypeus Plot: of the 
Clypeus-Grit of the Rissington district. Probably these fossils 
afford an example of parallel development: they passed through the 
various phases of development in their respective districts, and con- 
temporaneously became morphologically analogous, in part doubtless 
in response to the analogous environment. So also with Holec- 
typus hemispheericus and H. depressus. Whereas over a considerable 
portion of the Bath-Doulting district there is Upper Yrigonia-Grit, 
‘and in places Dundry Freestone and Upper Coral-Bed, between 
the Doulting Beds and the Upper Iias, in the Rissington-Burford 
district there 1s no such deposit—the Clypeus-Grit rests directly 
on the Upper Liassic clays. 

The dates suggested for the Doulting Beds apply also to the Clypeus- 
Grit. Above the Doulting Beds in the Midford area is the Fullers’ 
Earth, the lower portion of which, at all events, is of zigzag 
hemera. ‘There is also a clay-bed, although thin, in the neighbour- 
hood of Rissington; but its precise date is not quite certain at 
present. 

It should be noticed that there is no deposit between the clay 
and the Rubbly Beds of the Clypeus-Grit. 

When the Clypeus-Grit is traced westwards, other beds are seen 
to come in between it and the Upper Lias. Between Bourton-on- 
the-Water and Wotton-under-Edge the intervening beds attain 
a considerable thickness ; but their total thickness varies at different 
places, for they are thicker on the Cleeve-Hill plateau than at Birdlip, 
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and thicker near Painswick than at birdlip or at Rodborough Hill, 
near Stroud. This is owing to the way in which the beds were 
flexured and eroded during the ‘ Bajocian Denudation.’ South of 
Wotton, indeed, south of Frith’s Quarry, near Painswick, the 
intervening beds become thinner and thinner, and near Upton 
Cheney disappear altogether ; and, consequently, thence southwards 
the Upper Trigonia-Grit and the Lias are in apposition. 


TABLE SHOWING THE RELATIONSHIP OF THE CLYPEUS-GRIT OF THE RissinGTon- BuRFORD 


District with THe Dovutine Beds or THE Batu-Dovtting District. 


Bath-Doulting District. Rissington-Burford District. 
Fuuiers’ Harta. 0 we 
(Bottom portion, zigzaq.) i Ca) 
( Clypeus Plott, Klein, Homomya, 
: 1 cf. crassiuscula, M. & L., Lima 
ro. Rubbly Beds. Rubbly Beds. | | (Limatula) gibbosa, Sow., Pecten 


Dovuttine Bups. 


Inrertor Oouire. 
Oy 


—— 


| a. ‘ Globata-Bed.’ a. ‘Globata-Bed,’ 


f) Bubbly Beds b. Rubbly Beds (Camptonectes) arcuatus, Sow., 


Pecten (Syncyclonema) demissus, 


Serpulz (Galeolaria)  socialis 
(Goldfuss), | Nerinea (Ptygmatis) 
potent Hudl., & Solariuin 


= Phillips, Photadomya Murchisoni 

Lo (Sow.), Pleuromya  Goldfussi 

J | =< (Lycett), Rhynchonella hampen- 
| ae eee ) = : a 8. ee ae Terebratula 
iene: S | globata, auctt., Berenicea sp., 


| 
t ‘Massive Beds.’ | 
) 


wHu LIL Se polygonoides, Hudl., teste Hud- 


IV. Upper Coral-Bed teston |. 
(Lruellit). Non-sequence. 


V. Dundry Freestone. 


VI. Upper Trigonia-Grit 
(Garantiane). Clay, no sand. 
Non-sequence. 


Urprrr { Sand, ae | 


Lirias. 


clay. 


Discussion [ON THE TWO FOREGOING PAPERS |. 


The Cuarrman (Dr. A. Strawn) spoke of the value of the precise 
paleontological work contained in this and other papers by the 
Author. He was not prepared, however, to attribute the slight 
changes of level or physical geography evidenced in the distribution 
of smal] subdivisions of the Secondary rocks to the same class of 
earth-movement as that which had at one time or another led to 
mouutain-buiding along the Malvernian axis. 

Mr. Wuiraxer remarked that it seemed to him very interesting 
that so much new matter should be found in the Inferior Oolite. 
The local absence of one or two beds in some districts was notice- 
able, involving curious irregularities within a simple formation. 
The papers showed that much detailed geology remained to be done 
yet, and the Author’s district was fortunate in possessing so careful 
an observer. 


444 INFERIOR OOLITE OF RISSINGTON, BURFORD, RIC. [Noy. 1907, 

The Rev. H. H. Wrywoop remarked on the good detailed work 
done by the Author in the Inferior Oolites of the Cotteswolds, 
enabling him to correlate them with other beds in more distant 
districts. The Doulting Beds hitherto had yielded but few fossils, 
and the speaker asked whether the Author had found, in those 
40 feet of building-stone, any specimens of Clypeus Plotii, whereby 
he would correlate these beds with the well-known Clypeus-Grit of 
the Cotteswolds. 

The AurHor thanked the Fellows for the kindly reception which 
they had accorded to his papers. Mr. Whitaker’s remarks reminded 
him that he had omitted a point which was worth emphasizing, as 
it was one that was common to several great formations, namely, 
that the top-beds had by far the greatest geographical extent— 
much more so than the subjacent deposits of the same formation. 
In reply to Mr. Winwood, the Author said that it was Clypeus 
Agassiz: that characterized the Doulting Stone of the Vallis area. 
The fossil was not common, but three or four might reward a day’s 
search. The Doulting Stone of Doulting was not at all unfossili- 
ferous ; collecting, however, required time. 

The Author took the opportunity of thanking the Council for 
the honour which they had done him in giving to him the Daniel- 
Pidgeon Award some few years back. It had been awarded to 
him to enable him to excavate for the Rhetic rocks at Berrow 
Hill, and to continue his researches in connexion with those rocks 
and the Inferior Oolite. He had communicated a paper on Berrow 
Hill, and others on the Rhetic of Monmouthshire and Glamorgan- 
shire, and he had one almost ready on Somerset. The papers which 


he had presented that evening were also prepared by the assistance 
of the Award. 


Vol. 63.] MARINE FAUNA IN THE BRISTOL COALFIELD. 445 


28. On a Marine Fauna in the Basrment-Beps of the Briston 
CoaLFieLD. By Hersert Borron, F.R.S.E., F.G.8., Curator of 
the Bristol Museum of Natural History. (Read June 5th, 


1907.) 
[Prate XXX—Fossits. | 
CoNTENTS. 
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I. IntrRopucrion. 


Tue failure to discover anything in the nature of a definite fauna 
in the Bristol Coalfield has long been a well-known and somewhat 
remarkable fact. Isolated and rare fossils have been occasionally 
discovered, but the list of genera and species hitherto recorded is a 
short one, and not sufficiently representative to be in any sense 
distinctive, either of any horizon, or of the coalfield as a whole. 
Thirty years ago, W. W. Stoddart,’ who had a wide knowledge 
of the Coal-Measures, stated that he had not met with animal- 
remains of any description. Still earlier, however,’ John Morris 
had recorded the occurrence of bivalve mollusca (Anthracoptera ?) 
in the coal-shale at Twerton, near Bath; while, from bituminous 
shale at Nailsea, he obtained Estherva striata, var. Beinertiana, and 
an imperfect cast of Beyrichia arcuata (?). From the roof of the 
White Seam of Youngwood Pit, Nailsea, were obtained KAirkbya 
costata and a species of Cythere. In shale at 200 feet above the 
White Seam was observed an ostracod, closely resembling Cythere 
fabulina. The same note states that Mr. J. McMurtrie, F.G.S., 
recorded the occurrence at Camerton of several specimens of bivalve 
shells (Anthracosia?) and two specimens of Limulus, all of which 
had been found by Mr. E. Feare. The Limulus in question was, I 
believe, Prestwichia rotundata. Some years ago two other speci- 
mens of the same species were found: one at Radstock, which is now 
in the possession of Mr. J. McMurtrie; and the other at Clandown 
Colliery, which is in the possession of Mr. J. W. Tutcher.° 


1 «Geology of the Bristol Coalfield’ Proc. Bristol Nat. Soc. n. s, vol. i 
(1875-76) p. 349. 

2 Geol. Mag. vol. v (1868) pp. 356-57. 

? Dr. Wheelton Hind has also recorded the occurrence of Anthracomya 
Phillips from Coalpit Heath, Bristol, from a dark shale at Kingswood Deep 
Pit, immediately to the north of Bristol, and from the Speedwell Colliery, 
Gloucestershire (Palzont. Soc. Monograph on Carbonicola, Anthracomya, & 
Naiadites, pt. 11, 1895, p. 121). 
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This exhausts the list, so far as I am aware, of the fauna of the 
Bristol Coalfield, until in 1905 the Ashton-Vale Coal-and-Iron 
Company commenced an exploration-branch in their Ashton-Vale 
Colliery, in search of certain thick coal-seams which were believed 
to exist underneath the lowest seam then being worked. During 
the progress of the working, the excavated material was fortunately 
brought to the surface. The strong similarity of some of the 
material to certain black shales of the Lower Coal-Measures of 
Lancashire led me to examine the spoil-heap somewhat closely, 
a work in which Mr. W. MacPherson, F.G.S., rendered consider- 
able help. It was not long before evidence of fossils was obtained, 
Lingula nvytiloides and minute gasteropods being fairly plentiful. 
By the courtesy of the Colliery company I obtained permission to 
go down the pit, in order to locate the fossiliferous shales. These 
were eventually found, and their precise position with relation 
to the ‘ Red Ash’ (or ‘ Little Vein’) and the ‘Gays’ seam was 
determined. Additional material for examination was then ob- 
tained from the beds im sttu; and afterwards a full series of 
samples was taken from every bed occurring in the exploration- 
branch. Scarcely had this been accomplished, when the miners 
drove forward into heavily-watered sandstones, the yield of water 
seriously hindering further progress. Finally, some few hours 
after my last visit, the water burst in, in such quantity as to 
stop working; and, as it had become apparent that there was 
no likelihood of coal being found by further search, the exploration 
was abandoned. Still more recently, the whole of the mine has 
been closed, the upper seams having been worked out. While the 
exploration-branch was unsuccessful from a commercial point of 
view, it was nevertheless of value geologically. There is every 
reason to believe, as I shall show later, that the branch passed 
through the lowest beds of the Coal-Measures, and that the water- 
bearing grits in which it ended belong to the Millstone-Grit Series. 
The section furnishes the only instance that we know in the Bristol 
district where the junction of the two has been determined or 
observed; while, at the same time, it serves to set at rest the 
belief, long held by practical miners, that there existed thick coals 
below the Ashton-Vale Series. That the section revealed an 
abundant and characteristic marine fauna is also a point of con- 
siderable interest. 


Il. Tue Lower Szams or THE Bristot CoaLt-MEAsURES, AND 
THEIR RELATION To THE MiLLsTonE Grit. 


The complete stratigraphical sequence of this portion of the Coal- 
Measures being now known, it seems desirable that it should be 


placed on record. 


~ 1 The allocation of a grant of £5 from the British Association Carbon- 
iferous Zone Committee allowed of the employment of workmen to cullect 
material, a task which was fortunately accomplished before the water burst in. 
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The Ashton-Vale Colliery, in which the section about to be 
described was obtained, lies on the south-west side of Bristol. ‘The 
surface-deposits consist of river-alluvium, underlain by the New Red 
Sandstone and New Red Conglomerate, which in turn rest upon 
the upturned edges of the Coal-Measures. To the north, however, in 
Ashton Park, members of the Millstone Grit crop out in several 
places, and the Carboniferous Limestone comes to the surface over 
a large area. Owing to the overlap of the Trias, the junction of the 
Millstone Grit and the Coal-Measures is nowhere seen at the 
surface, and the precise limits of the two have thus been a matter 
of conjecture. 

A generalized statement of the pit-shaft section at Ashton-Vale 
Colliery is as follows :— 


Thickness in Ue inches, 


| Cle yey ain ec saokcee as oabeesmdecee sash" aueeeeeesso ears 0 

_ New Red Sandstone and Conglomerate ............... ‘A 6 

Coal-Measures:— . 
Rb Railicmy te adecs awe cere see cnioac dewecncenuens Maem cer 126 3 
Oa oh sare sees Pee eee ete na teh cecescinaneans 2 0 
SGI Lee cote ch saree ee eet en ene occa saistenrciaisal datos 45 6 
OIE Foe RRR ee error ia oS at a yadda antec tec + 0 
GRA b ahs heres empamntoeneeccer seek ocean tmrecnc ea inate sitet 82 9 
Coal (Red Ash), ? Little Toad Vein.................. 2 9 
Straten peers een eee ets eecie noc ceo aianu oa clopiseaiencSeaer 39 6 
gal leh teem ent ene tae eee telus caren deniodniem see etinute’s 3 3 
IRGC a greece ene Stee ae ciel a sav aa.nclo etre etcieaeia. 4 0 
Coat ere eer Bene cence iin tote yon dnaiclecisetoielere sine 1 0 
Strratiah eae eae sot steaetetindocse wa cee mete desecne dict 39 ) 
Oatley (eet em OPR ciate late} 50co5srndee on ht able ed oe ctenigain'e 1 0 
SGT aitaiy ae eee ee eRidcianea cSt dma ctlnlgrocdaaneacnacaceir. 157 6 
Coal, CMe eWGIN orc acta citer soc tals soc seccicaseyjsaoesiase 4 0 
Sbraiba pe Meee Meee ene cece ociteds salecie Smncs islewaee 43 3 
Coal (GipeaAVienm onsets. kiedaataascasce Secade. eas vek's totic 4 6 
Shiva beg a eerste eee ev ach he's sliciaticvictussauleadsde 122 0 
Woal: (RedeAshy ao Rathle: Weim’ oo 06s cack alvescseecan ss 2 0 


The dip appears to have been fairly regular throughout, and to 

the south at the rate of 1 in 3. Since the formation of the shaft 
all the seams have been mined to the deep to a considerable 
depth. 

The exploration-branch commenced at the level of the ‘Red Ash’ 
or ‘ Little Vein’ of Ashton Vale, and was carried horizontally in a 
northerly direction, cutting the underlying beds successively as they 
rise to the edge of the basin. The rate of dip kept fairly uniform 
with that in the shaft; and, when a thickness of about 320 feet of 
thin coals, shales, and mudstones had been penetrated, the branch 
passed into beds of gritstone 70 feet thick which yielded water. 
From this point onwards, grit-rocks predominated; and, after a 
distance of about 450 yards had been penetrated, the work ceased 
in a massive fine-grained grit with mudstone-partings, from which 
the water burst in and flooded the level. 

The result of the exploration has been to show that the ‘ Gays 


OQ. J. G.,S. No, 252: Boe 
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Seam,’ met with at a depth of 84 feet below the ‘Red Ash’ or 
‘Little Vein’ of Ashton Vale is the lowest workable seam in this 
part of the coalfield, and that the belief strongly held by practical 
miners in the district that the valuable thick coals of Easton under- 
lie the Ashton ‘ Little Vein’ is incorrect. 

The considerations which led to the exploratory work are of some 
interest, and are briefly as follows:—For many years, practical 
miners and others held that a close relationship existed, between 
the seams worked at the Easton and Pennywell Collieries on the 
north-west side of Bristol, and those at Ashton Vale. At the Easton 
Pit, the following seams were met with, in descending order :— 


Thickness in feet inches. 
Little Firey Vein. 


Strata. 

Great Firey Vein. 

Sbratale [ee erat ic ics vied nu'es gnc eee eee eee 174. 0 
Baston Red MAS amVeIM oo. - ci- ons nn ceceeeeeeree eee 1 4 
NTE L0e PIMP IE yo cicin A duido 6 ee es be 170 0 
Blast Ome GayiSmViemeerer ened. an +> ses mesa ceetdeentencace if 8 
SS GReTL ide 2 eee RE ERE Ee ciridn bis bs ainss.ai winic sin SRE tee 140 0 
Easton and Pennywell Ten-Foot Seam ............ 10 0 
Sita elie Gee Ae eA REIS cic ain 0 o.0.s 0d aie s dabeine emt 890 0 
Easton and Pennywell Five Coals. 

IS Gitte eee REET c- cien'c.s's.e nie ne Cece cionneetae 150 to 200 0 
Kingswood New Great Mine .....................04. 4 0 


Of these, the ‘ Little Firey,’ ‘Great Firey,’ and Easton ‘ Red 
Ash’ Veins were correlated with the Ashton ‘Top,’ ‘Great,’ and 
‘Little’ Veins respectively. Had this relationship been correct, 
it is evident that the valuable Kaston and Pennywell Ten-Foot 
seam, the ‘ Five’ Coals, and the Kingswood ‘New Great’ Mine 
still remained to be opened up. 

This view was put forward by Handel Cossham, in a paper read ~ 
before the students of the Bristol Mining School, and afterwards 
published in Keene’s ‘Bath Journal’ of October 28th, 1876. By 
Cossham, who had a long experience and great practical know- 
ledge of the Bristol Coalfield, the ‘Great Vein’ of Bedminster and | 
that of the Ashton ‘South Liberty’ pit were correlated with the 
Kingswood ‘Great Vein’; and he drew attention to the fact that 
although separated by a distance of only some 2 or 3 miles, yet 
there existed a difference of about 12 inches in thickness,’ the 
‘Great Vein’ of Kingswood being 5 feet thick, and that of the 
Bedminster and Ashton districts from 34 to 4 feet thick. The 
correlation of the Kingswood ‘ Great Vein’ with that of Bedminster 
is probably correct; but John Anstie* had, three years earlier, 
separated the Bedminster ‘Great Vein’ from that of Ashton, 
placing the latter below the former. That his conclusion was 
correct is proved by the section of Frayne’s Pit, a few hundred 
yards only from that of Ashton Vale. Here the Bedminster ‘ Great 
Vein’ was proved at 105 yards from the surface, the ‘Toad Vein’ 


1 ‘Coalfields of Gloucestershire & Somersetshire’ 1873, p. 48 & table i. 
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at 211 yards, the Ashton ‘Top Vein’ at 295 yards, the Ashton 

‘Great Vein’ at 310 yards, and the ‘ Little Vein’ at 359 yards. 
The succession at the Starveall pit, about three-quarters of a 

mile distant, was also given by Anstie (loc. jam cit.) as follows :— 
‘ XVIII, XIX. Bedminster ‘Top’ Seam ...... (3 ft. 3in.) at 58 yards. 


XX. Bedminster ‘ Great’ Seam ..... (3 ft. 8in.) at 98 ,, 
XXII. Bedminster ‘ Little’ Seam ..... (1 ft. 6in.) at 126 _,, 


CORI Le 0s ee at 240 ,, 

DOMES SunrblisiCoal 2. .55:.0655 decane casas at 296 ,, 

XXMV. Ashton.‘ Top’ Seam. ..........5; (2ft. Gin.) at 310 _,, 

XXVI. Ashton ‘Great’ Seam ......... (5 ft. 8in.) at 334 _,, 
Ashton ‘Little’ Seam ......... (2 ft. 4in.) at 368 ,, ’ 


This account was stated not to be so accurate as that of the 
Ashton Shaft. 
A generalized section of the beds passed through in the ex- 
ploration-branch is as follows :— 
Thickness in feet inches. 
‘Red Ash’ or ‘ Little Vein.’ 


SO OISeL icky sce eta ae AR ee RL aN ee 20 85 
Cork. On Be en a AI ae LS Ge AE A SC 0) 5 
ERGO liebe. eae etede eed Ne eam tee ene ee P| el ask 8 38 95 
ay ao es ee Se Me eee RN I Sea it 0 
Siva Sic ere ea Ps, Pe Ue ee beeen 24 6 
Gray Sa Vici tie OM tere Wong. 2 oth eck see daticcehs 1 8 
PSST RET RE Me RSS Aisi 8 AA <i ieee oe kin tk ae 44 10 
CS OTA MO CCS Lol Uibkaate Waa Ni SE ane cy Nal aa ene if 0 
Shratar iene en Ge eo uusee Ae 2 Ae PAS 183 1s 
Bastard iW elie eee cess ack bev canon eniare ewten Ss 0 6 
Stlatay) eee ect eke as seek cal oe 15 64 
Viv] stoma Gutimre ee eae ee eo ede cu coeucalce 130 4 


A more detailed description of the beds passed through, based 
upon actual examination of material taken from each bed and 
examined at the surface, is appended (see § IV, p. 453). 

The first evidence of fossiliferous shale was obtained on the spoil- 
heap of the colliery, the shale being afterwards localized at a depth 
of 84 feet below the ‘Gay’s Vein.’ 

Immediately above and below the 12-inch coal lying over the 
‘Gay’s Vein’ occur two beds of black micaceous shale, 4 inches 
and 214 inches thick respectively, in which Lingula mytiloides is 
abundant. ‘The ‘shell-bed,’ as it came to be called by the miners, 
has a thickness of 20 feet, and was found to be abundantly 
fossiliferous throughout. It is a soft black shale, very evenly 
bedded, indeed very often laminated, with (in places) smali nodules 
of ironstone and bands of the same material, one of the latter being 
4 inches thick. The resemblance of some of the ironstone-nodules 
to the ‘bawn-pots’ seen in the Lancashire Lower Coal-Measures 
is most marked. As in the ‘bawn-pots,’ goniatites were found 
projecting from the surface, while the interior contained iron- 
pyrites. Occasionally the shale became greyer in colour and 
micaceous, and fractured irregularly. Towards the upper part 
were found a few well waterworn quartzite-pebbles, very similar in 


size and appearance to those occurring in the conglomerate-grits. 
2K 2 
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The whole bed was exceedingly fossiliferous, large masses extracted 
at every 14 inches, from the top of the bed to the bottom, showing 
the same fossils in profusion. Perhaps the most striking feature 
of the fossils is their dwarfed condition, scarcely any showing 
evidence of a robust habit. The dwarfing is especially a dominant 
feature among the fish-remains, the teeth of Diplodus and Plewrodus 
and the fish-scales, for example, being unusually small; Péerino- 
pecten does not reach the same stage of development as that which 
may be seen elsewhere, while the goniatites were apparently 
possessed of a thin shell unable to resist crushing. Most of the 
goniatites are therefore found crushed flat; and, even where this is 
not the case, the inner whorls are gone and their place is occupied by 
a mass of slickensided shale. A feature which the bed shares with 
no other Coal-Measure shale, so far as I am aware, is the abundance 
of gasteropods. The whole of the Coal-Measure period seems to 
have been unfavourable to gasteropodan life, and the remains of 
gasteropods have hitherto been rare in every coalfield. In this 
shell-bed, however, they are abundant, although of small size— 
more than a hundred being obtained from the masses of shale ex- 
amined. There seems to be an entire absence of the brackish-water 
mollusea, such as Carbonicola, Anthracomya, and Naiadites, although, 
as I have already noted (p. 445), examples of all of these genera 
have been doubtfully recognized in the Radstock Coal-Measures. 
_ Remembering their prevalence in the lower beds of other coal- 
fields, their absence at Ashton Vale is singular. 

The brachiopods, such as Chonetes and Productus, show modifi- 
cations as contrasted with the same species in the Carboniferous 
Limestone, which can only be regarded as progressive along those 
lines of mutation that Dr. A. Vaughan has shown to obtain in the 
Carboniferous Limestone.’ 

Some 60 feet below the ‘ Smith’s Coal’ lies the ‘ shell-bed,’ near 
the upper part of which occurred traces of a crinoid in the form 
of small elongate columnals, while about a dozen examples of 
Raphistoma radians were obtained, a gasteropod only known 
previously in this country from below the Gin-Mine Coal of North 
Staffordshire, and from 500 feet below the Third Grit at Congleton 
Edge in Cheshire,” although it is a well-known fossil in the Belgium 
coalfields. 

The occurrence of this rare gasteropod below the Gin Mine as 
well as at Ashton Vale is significant, inasmuch as it agrees with 
the strong parallelism which can be drawn (as we shall see later) 
between the Gin Mine of North Staffordshire and this ‘shell-bed’ 
of Ashton Vale on general paleontological grounds—a parallelism 
which was recognized at once and pointed out to me by Dr. Wheelton 
Hind. 


? «On the Palzontological Sequence in the Carboniferous Limestone of the 
Bristol Area’ Quart. Journ. Geol. Soc. vol. 1xi (1905) pp. 246-47. 

* Dr. Wheelton Hind, ‘On the Paleontology of the Marine Bands in the 
Coal-Measures’ ibid, p. 582. 
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About 123 feet below the shell-bed occurs a third marine 
horizon. This consists of about 3 feet 8 inches of black micaceous 
shale, containing Lingula mytiloides in abundance and traces of 
worm-burrows. There are thus four clearly-marked horizons, each 
possessing a marine fauna. 

Recent examination of material upon the spoil-heaps at South 
Liberty Pit, a colliery owned by the same company and situated 
about a mile to the south of Ashton Vale, has shown the presence 
there of goniatites, gasteropods, and Anthracomya Phillipsi in a 
black shale. It has not been possible to localize these fossils as yet 
in the underground workings; but it appears likely that they have 
come from a horizon not far removed from the ‘Toad Vein,’ and 
therefore at an elevation of 500 to 600 feet above the highest 
marine band in Ashton-Vale Colliery. It is, therefore, evident 
that the unravelling of the fauna of the Bristol Coal-Measures has 
not been terminated by the closing down of the Ashton-Vale pit, 
but that higher horizons are still awaiting examination. 


Til. Tae Mitzisrons-Grit SErRizs. 


The general impression gained from the exploration-branch was 
that it had passed, at some part of its course, from the Coal-Measures 
into the underlying Millstone Grit; and it therefore becomes neces- 
sary to consider where the line should be drawn between them. 

The Millstone Grit bounds this part of the coalfield on the 
north, and is exposed at Ashton Park, at Rownham Ferry, Brandon 
Hill, also in road-excavations at Clifton, and was formerly exposed 
in quarries in Tyndall’s Park as well. At no place is the junction 
with the overlying rocks seen. 

Anstie* stated that its thickness at Brandon Hill could easily be 
determined, and estimated it at from 900 to 1000 feet. In the 
Geological-Survey memoir’ the average thickness for the Bristol area 
is taken at 1000 feet, although it is pointed out that in the Mendip 
Hills it cannot exceed 500 feet. The general conclusions as to the 
thickness of the Millstone Grit near Bristol seem to have been in- 
fluenced by the work of Fort-Major Thomas Austin, who in 1865 
published a small work upon the subject.* In this work Major 
Austin also described a long list of fossils which he had obtained 
from the Grits and associated limestones, but there seems to be no 
doubt that he placed the basement of the series too low, and included 
some of the Upper Limestone Shales in his Millstone-Grit Series. 

A recent careful survey and levelling of a line of section from 
the Summer-House Plantation in Ashton Park to Ashton-Vale 
Colliery, taking in the line of the exploration-branch and based upon 


1 <The Coalfields of Gloucestershire & Somersetshire & their Resources’ 
8vo. London, 1873, pp. 22-28. 

: ‘Geology of Hast Somerset & the Bristol Coalfields’ Mem. Geol. Surv. 
1876, p. 27. 

3 «The Millstone Grit, its Fossils, & the Relation it bears to other Groups 
of Rocks, &e.’ 8vo. London & Bristol, 1865. 
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the dominant dip, has been constructed by the direction and under 
the superintendence of Mr. J. McMurtrie, F.G.S. From this section 
it was seen that a thickness of not more than 850 feet intervenes, 
between the uppermost limit of the Carboniferous-Limestone Series, 
and the grits penetrated at the end of the exploration-branch. If 
the upward limit is carried to the top of the first ‘ Water-Stone,’ 
then the Millstone Grit will have an approximate thickness not 
far short of 1000 feet. The uppermost limit of the Millstone Grit 
might be carried still higher, to include the 13 feet 4 inches of 
massive quartzose grit which lies about 20 feet above the ‘ black 
shale with plant-remains.’ The black shale we look upon, how- 
ever, aS belonging to the Coal-Measures, owing to the included 
plant-remains consisting of Lepidophyllum majus, Sigillaria, Neuro- 
pteris, and Cordaites, all typical Coal-Measure forms. Taking the 
top of the 34 feet 10 inches siliceous grit as the upper limit, then 
the total thickness of the Millstone Grit at Ashton Vale will be 
980 feet, being the 850 feet calculated by Mr. McMurtrie and 
130 feet of strata passed through in the exploration-branch. 


IV. Derairep Suction or THE Strata, FRoM THE ‘ RED AsH’ OR 
‘Lirrte VEIN’ To THE END OF THE ExPLoration-BrancH. (See 
diagrammatic section, p. 452.) 


Thickness in feet inches feet inches. 
1. Red Ash Coal. 
2. Quartzose grit, with fireclay above it: 
Binceclaiy: | Poe eae ee eee seice cision seein gansecsio 4s 
Gaz CAS CY Pirate eee eet loisiakcojcixts since tie afernse im 19 ae 20 85 
3. Coal. 
4. Shales and Sandstones: 
Quartzose grit, with iron-pyrites ............ 4 1s 
Dark-grey shale, with plant-remains ...... 2 3 
‘Hireclay (Gmnawed ye: 5 losccscsalsec-ade-2~oce-> 0 3 
Micaceous grey sandstone ...............:02565 <  G 
Micaceous shales, with grit-bands............ 18 9 
Mudstone, with colour-bands.................- 5 8 38 65 
5. Marine Band: 
Black laminated shales (Lingua, fish-scales, 
and WOrm-UTTOWS).................0.e00seee0- a 0) 4 
GEM CODL |... 5 eee meee tasete)« a:eticidolictan citatsloteaieNteblo as 1 0 
TABU ALE. |... eee otcec Roses ocecepeesernee wa 10 7 
8. Marine Band: 
Black micaceous shale (Lingula abundant) se 1 bya 
9. Shales: 
Black laminated shales (Cordaites and 
LOTS) pyre eet nicl ade no's ais cbiocie yawns 4 
Grey shale, with ironstone-nodules and ° 
plant-remains ........ Mbytes Livi Slee. 4 
Hard black shale, with ironstone-nodules . 2 5 i 13 
1G: Coak.. Grayse Seaton occ .ccsccjcesessexcecsee 2 6 tO 9 ib 8 
11. Shales and Mudstones: 
iveciiye, Pree Peete ee eles oa caves oe 1 4 
Fine greyish-blue mudstone ............-.... 6 0 
Mudstone with ironstone-nodules ............ 28 0 
Fireclay with Stigmaria  ........:....e000000 ne fa) AO 
LACS CNA AE SOR 26-0 een ieee e 1 0 


454 MR. H. BOLTON ON A MARINE FAUNA IN THE [Nov. 1907, 


Thickness in feet tnches Jeet inches. 

13. Shales and Grits: 

Ee lany nes Seen stearate 4 6 

VGA SHOE See ELE Son es OE RS ae 15) 0 

Greyishy outs: | c.ck aceae SOAR IME oe Ra 0 3 

Micaceous shalom jcc cee eee It ve 

Mit StOMes. 3e4.0. ere ee eee ne urease wlan, tue 16 6 

Grit with shale-partings..............2.....0065 2 9 40 7 
14. Marine Band (chief shell-bed) ............ ue: 19 10 
15. Shales and Grits: 

CG Tellme Gee iy foes SRR 4 J) Oe nt a eR NR 1 6 

IMM GSCOMES eee eR eer ee eens hone eck tot ) 12 6 
IGS hale QiamimesBaimd)ee cet... s 3 8 
17. Shalesand Grits: 

lackishale ns eee oases ld caecdeneenee 37 6 

(ENSTy sup eeanBer au ANG) Ati. eal e amen ea} 1 95 

VII GSE OME Ramer ee ee eee sais chic c hacains eee 12 0) 

Siralemen ree ee ee odin soc'edina wee 6 6 57 95 
18. Grits and Mudstones: 

JUYTCTSISIINTS SEAT a co SAB aH aah ae aa eae RR er 13 4 

IVITTOUS TOME Bats MRM ee ee tcrerct le cierncalacdis Sicuercees Bickel 17 9 

Conglomerate oritii sree: oe. ece snes scanns see 3 6 

Snell ape errr eee RR Sen co oa inie cicsenc eee 3 2, ii 9 
19. Bastard Coal: 
20. Sandstones and Shales: 

AMG SONG memes Me Nt ct... «Svc cee sheds ears 8 43 

Conglomerate seTit pry ck sc oss. ieceds.sneeacencas 4 2 

iBlackyshial een ssrtr cree. o «ces scccketahadacetent 3 (0) 

SMe Clay sweeter ee EL esas os Sok wes eswe sweion wis’ 0 6 16 0% 

Miutstonr-Grit SERIEs. 

21. Grits, with shale-parting: 

EL aC erent eee ie cc cit cca cnvinecees 34 «610 

Shall emia ety cl ieee abe 0) 4 

MASsiViexrinlbmmet ir eedee Asse cect. vee scsc nonce 32 «10 63 0 
92, Mudstones and Grits: ; 

Min GstO mee emer el tena cake ce cecicua'socsevcleabe 4 8 

LUTON. chocoacodscoscsCe40 SEE aE eee oe 4 2 

OY EDICISHOIONS) Saco a docodAedohsee eee 6 10 

IME NSISIEYS) EIT 9 oadidcdg. dco c ce eee a aEeE EE eee oe 4 6 

TING St Ome art rere REP ROR RG oi victsbinee'cguismaiee 5 6 

SBIE ECU RTI 8385 pada boi dc OCh Cee ee eI Ce 5 6 

Mind StOme Ween eee enone. oe cstnccaeecaen 3 5 

IRIGY IO Ga eit | dae ah. cbhdonber..doep Cee Aeon er Ee inane 

MitICLShOING areaeee- REE R TNR a. cc. soncaevec can 10 0 52 1 
23. Hard grit, with mudstone-partings ae 10% 3:3 


V. PaAL#onroLoGicaAL DESCRIPTION. 


The marine fauna contained in the shales of the Ashton-Vale 
Colliery is fairly extensive, including at least 38 genera and 47 
species. . The most striking features are the dwarfing of many 
forms and the reduction of shell-matter. This is especially the 
case with the Brachiopoda and Lamellibranchiata. Gasteropods are 
unusually numerous, but small, and even minute. Cephalopeds, 
including the generally robust Gastrioceras Listeri, are so thin- 
walled that nearly all are found crushed ; and, with this reduction 
in thickness of the shell-substance, there is an equally-marked loss 
of character in the surface-ornament. Fish-remains are scanty, 
and show the dwarfing to an exceptional degree—the tooth of 
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Diplodus gibbosus, for example, being but 4°5 millimetres long by 
2 mm. at the base, and that of Plewroplaxw Rankinet measuring only 
2mm.by 1mm. The presence of fish-remains in a marine band 
is not a striking character as a rule, a fact noted by Dr. Wheelton 
Hind.* A comparison of the list here given with his tabulation of 
fossils from the marine bands (op. cit.) shows that there is a close 
correspondence between those of South Wales and Ashton Vale ; 
and an even closer correspondence between the latter and the marine 
horizon associated with the Gin Coal of North Staffordshire. 


List of Fossils from Ashton-Vale Colliery. 


EcuHINODERMATA. 
Crinoid-columnals. 


ANNELIDA. 


Worm-burrows. 
Spirorbis pusillus, Martin. 


BRACHIOPODA. 
Lingula imytiloides, Sowerby. 
Orbiculoidea nitida, Phillips. 
Orthothetes cf. crenistria, Phillips. 
? Derbya senilis, Phillips. 
Chonetes cf. hardrensis, Phillips, 
Pl. XXX, fig. 4. 
Chonetes sp., Pl. XXX, figs. 1 & 2. 
——_—— — var., Pl. XXX, fig. 3. 
Productus cf. antiquatus, Sowerby. 
— concinnus, Sowerby, mut., 
Pl. XXX, figs. 5a & 56. 
Ambocelia aft. Urii, Flem., Pl. XXX, 
figs. 6a & 68, 


LAMELLIBRANCHIATA, 
Nucula equalis, Sowerby. 

Nuculana acuta, Sowerby. 
Tellinomorpha (?) Hindii, sp. nov., 
Pl. XXX, figs. 8a & 8b. 
Parallelodon tenuistriatum 

PL XXX, fen: 
Posidoniella levis, Brown. 
— Kirkmani, Brown. 
minor, Brown. 
Schizodus antiquus, Hind, Pl. XXX, 

fig. 9. 

Vai lonecton gentilis, Sowerby. 
Pterinopecten carbonarius, Hind. 
——-— papyraceus (Sowerby). 
Paleolima vretifera, Hind MS., 

Pl. XXX, fig. 10. 

Modiola, sp. nov., Pl. XXX, fig. 11. 


GASTEROPODA. 


Raphistoma radians, de Koninck. 
acuta, sp. nov., Pl. XXX, 


(Meek), 


fig. 13. 
Pleurotomaria carinata, Sowerby. 


GASTEROPODA (cont.). 

Pleurotomaria gemmulifera, Phillips, 
Pl. XXX, figs. 14a & 145. 

Euphemus Urti, Flem. 

Bellerophon hiulcus, Martin. 

bicarenus, Lévy. 

Flemingia sp. 

Macrocheilus cf. ventricosus, Pl. XXX, 
fig. 15. 

Loxonema scalaroidewm, Phillips, 
Pl. XXX, fig. 16. 

Loxonema ashtonense, sp. nov., 
Pl. XXX, figs. 17 a-17 ec. 

Naticopsis disjuncta, Pl. XXX, figs. 
18a & 188. 


CEPHALOPODA. 

Orthoceras ci. cylindraceum, Flem., 
Pl. XXX, figs. 19a & 198. 

Orthoceras cf. conquestum, de Kon., 
Pl. XXX, fig. 20. 

Pleuronautilus costatus, Hind. 

Temnocheilus ef. tuberculatus, J. Sow. 

Glyphioceras diadema(?), H. HE. 
Beyrich. 

Glyphioceras cf. nitidum (J. Phillips), 
PL XXX, fies 20, 

Goniatites sp. 

Gastrioceras carbonarium (von Buch). 

coronatum, Foord & Crick, 
Pl. XXX, fig. 22. 

Gastrioceras Listeri (Martin). 

Fragment of Nautiloid shell. 


PIscEs. 

Diplodus gibbosus, Binney. 
Pleuroplax Rankinei, Hancock & 

Atthey. 
Megalichthys pygmeus, Traquair. 
Strepsodus sauroides, Binney. 
Rhizodopsis sawroides, Williamson. 
Celacanthus elegans, Newberry. 
Rhadinichthys monensis, Egerton. 
Elonichthys. 
Acrolepis. 
Coprolites. 


* ‘On the Paleontology of the Marine Bands in the Coal-Measures’ Quart. 


Journ. Geol. Soe. vol. lxi (1905) p. 528. 
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The accompanying descriptions of species include a series of notes 
upon Productus, Chonetes, Derbya, and Orthothetes kindly furnished 
by Dr. A. Vaughan, to whom I am much indebted. A reference to 
these notes will show that the brachiopod-fauna contains forms 
identical with, or closely approximating to, species occurring in the 
Cyathaxonia- and Dibunophyllum-Zones. 

Notwithstanding the close similarity of the marine fauna at 
Ashton Vale with that which occurs below the Gin Mine of North 
Staffordshire, it does not seem desirable to conclude that the horizon 
is the same, until further evidence of faunal development has been 
obtained from the Bristol area—and that such evidence will be 
forthcoming we are assured by recent work upon beds higher in 
the series than those described in this paper. Probably further 
discoveries will serve to link the Bristol Coalfield more closely with 
that of South Wales, rather than with that of Staffordshire. 


Echinodermata. 


Crinoid-columnals.—A small series of crinoid-columnals occur 
in one mass of hard black micaceous shale. Dr.F. A. Bather, to whom 
they were submitted, describes them as 


‘small elongate crinoid-columnals, with the joint-face bearing coarse radiate 
strie, with a pentapetalous axial canal from 3 to 4 the diameter of the 
columnal; in one there seems to be a small cirrhous facet.’ 


The columnals vary from 0-7 to 1:5 millimetres in length, and from 
0-8 to 0-4 mm. in diameter. They are disposed in confusion over 
an area of about one square inch, in association with Tellino- 
morpha(?) Hindu and Chonetes sp. 


Annelida. 


Worm-burrows.—Obscure worm-burrows of small diameter 
occur in several of the mudstones, and are frequently massed together. 
They penetrate the rock at various angles to the bedding, and are 
filled with a core much more sandy than the surrounding material. 


SPIRoRBIS PusILLUS (Martin). 


A single specimen of this species was found in the ‘shell-bed, 
in association with ostracods, Tellinomorpha (2?) Hindu, and Lingula 
mytiloides. The extreme smallness of the species, as well as its 
obscurity upon the black shale, probably accounts to some degree 
for its rarity. 


Brachiopoda. 
LINGULA MYTILOIDES, Sowerby. 


This species is the dominant fossil at Ashton Vale, occurring at 
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four horizons, in great quantity and of all sizes, from very small fry 
to forms. 9 millimetres long. 

Most have a high, polished, and prominent umbo, which is 
frequently notched or fractured along the medial line. In many 
the periostracum is of a rich dark-brown colour, and readily 
detachable as a thin film. 

Certain bands in the shale contain nothing else but Lingule, 
which are dotted over every bedding-plane in great profusion. 


ORBICULOIDEA NITIDA, Phillips. 


This species is represented by numerous specimens, which are 
usually very small. 

Ventral valves fairly numerous, circular, flat, and marked with 
fine concentric lines or ridges, easily distinguishable in the smallest 
individual. The foramen in one case is markedly ovate, and 
surrounded by a raised margin, which is most strongly developed 
near the centre of the valve. 

The species occurs usually in association with Lingula ses 
and a few unknown ostracods. 


OrrHoTHETES cf. cRENIsTRIA, Phillips. 


Four shell-fragments were found, all of which are apparently 
referable to this species.! 
* Closely-similar forms occur in the Uppermost. Avonian of the South-Western 


Province (Gower), and are associated with Cyatharonia in the Midland 
Province at Congleton Edge.’ [A. V.]| 


DerrBYA SENILIS, Phillips. 


This determination is based upon the type of ribbing and broad 
irregular wrinkling of the shell, on two very poor fragments. The 
species is mainly characteristic of the Upper Dibunophyllum-Zone 
of the Avonian. 


Cuonetes cf. HARDRENSIS, Phillips. (Pl. XXX, fig. 4.) 


These specimens are difficult to determine, owing to the way in 
which the matrix clings closely to the shell, and fills up more or 
less completely the interstices between the ribs. The biggest 
specimen has a diameter of 12 millimetres along the hinge-line. 
The general characters agree closely enough with those of Chonetes 
hardrensis, and less so with those of Ch. Buchiana, which has 
coarser and fewer ribs. The biggest specimen shows the basal 
portions of ten hinge-spines. The ribs are small, bifurcate high 
up above the middle of the valve, and are somewhat angular and 
very numerous. The pedicle-valve is evenly convex, and shows no 
trace of median sulcus. 


+ Quotations are from notes supplied by Dr. A. Vaughan. 
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CHONETES sp. (Pl. XXX: figs. 1 & 2 are syntypes, fig. 3 a 
variety.) 


Compare the following figures and descriptions :— 


Chonetes hardrensis, Phill. emend. M‘Coy (who omits Devonian forms) ; 
M‘Coy, ‘ Brit. Palzeoz. Foss.’ 1851-55, p. 454. 

Ch. variolata (VOrb.), interpreted by de Koninck, 1847, ‘Monographie du 
Genre Chonetes’ in ‘Recherches sur les Animaux Fossiles’ pt. i 
p. 206 & pl. xx, figs. 2a—2c. 

Ch. hardrensis, Phillips ; Davidson, ‘Monogr. Carb. Brach.’ Palzxont. Soc. 
(1858-63) pl. xlvui, fig. 22. 

Ch. tuberculata (M‘Coy), ‘Synopsis Carb. Foss. Ireland’ 1862, pl. xx, fig. 5. 

Ch. aff. Laguessiana, de Koninck; Wheelton Hind, Quart. Journ. Geol. 
Soe. vol. Ixi (1905) pl. xxxv, fig. 4. 


b) 


Description of Pedicle-Valve (figs. 1 & 2). 


Periphery trapezoidal to nearly rectangular; width 14 times the 
length, cardinal line usually produced into short ears. 

Surface-curvature.—Medial area flattened or slightly sulcate, 
strongly raised, and conspicuously bounded by broad, slightly-concave 
slopes, which merge by continuous curvature into the flattened 
wing-areas. 

Ribs sharp and well spaced, irregularly intercalated and forked, 
indistinct on the wing-areas. Cardinal spines: five or six on each 
side. 5 

© Pits’ relatively large and well spaced, when compared with 
those of a papilionaceous Chonetes. 

A few varioles are dispersed over the ribs, especially near the 
anterior margin. 

Dimensions small; the average width does not exceed 10 mm. 

A variety (fig. 3) has more closely-approximate ribs and more 
prominent ears. 

Resemblances and differences. — Chonetes hardrensis, 
Phill., Dav. (loc. jam cit.), 1s very close to our form, but appears 
to lack the flattening or sulcation of the medial area. Davidson’s 
figured specimen was derived from the shales above the Hosie 
Limestone (Cyathawonia-Zone). 

Chonetes variolata, de Kon. (op. jam cit.), agrees very closely with 
our form; but the enlargement of the test-ornament, shown in 
de Koninck’s fig. 2 6, indicates much less pronounced furrows and 
a much greater number of varioles on the ribs. 

Chonetes tuberculatus (M‘Coy) is a bigger, longer, and less 
-parallel-sided form with coarse and more regular ribbing. 

Chonetes aff. Lagquessiana, figured by Dr. Wheelton Hind from the 
Coal-Measures of North Staffordshire, is very similar, but a bigger 
shell and more uniformly ribbed. 

Chonetes crassistria (M‘Coy), ‘Syn. Carb. Foss. Ireland’ 1844-62, 
pl. xx, fig. 10, is quite distinct. This species has a small number 
of simple strong ribs, and was no doubt correctly assigned to 
Ch. Buchiana, de Koninck, by Davidson.’ 


1 The figure given in the ‘Synopsis’ is incorrectly drawn, and the species was 
re-figured by M‘Coy in the ‘ Brit. Palzoz. Foss.’ 1851-55, pl. iii n, fig. 5. 
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Chonetes Laguessiana, de Kon. (‘ Monographie du Genre Chonetes’ 
pl. xx, fig. 6), differs entirely from our shell, in that the curvature 
is uniformly convex, and the ribbing so fine that (even when 
magnified two diameters) it is scarcely visible. It is unfortunate 
that Davidson adopted this extreme species as the general index 
of the complex which includes the greater number of the small 
Carboniferous Chonetes. I have followed M‘Coy in regarding Ch. 
hardrensis, Phill. (pars) as a more satisfactory index for the 
distinctly-ribbed small Chonetes. 

Closely-allied forms are common in the Cyathaxonia-Zone of all 
British localities; for example, Dr. Wheelton Hind figures a nearly- 
related shell in Proc. Roy. Irish Acad. vol. xxv (1905) p. 106 & 
pl. v, fig. 2. 


Propuctus cf. anriauatus, Sowerby. 


One fragment only was found of a large wrinkled semireticulate 
Productus, of which there is no record above the Cyathaxonia- 
Zone. 


Propucrus concinnvs, Sowerby, mut. (Pl. XXX, figs. 5a & 55.) 


Mutation towards Productus muricatus, Phillips. 

A short, coarsely-ribbed, spinose mutation, which is convergent 
on Productus longispinus. 

Very similar forms are common in the Cyathawonia-Beds, and a 
nearly-related, but more elongate form abounds in the shales of the 
Millstone Grit of Pateley Bridge ; Productus muricatus is quoted by 
Davidson from as high as the Millstone Grit of Scotland. 


Ampocatia aff. Uri, Fleming. (Pl. XXX, figs. 6a & 60.) 


The specimens show, somewhat imperfectly, the short spines 
which roughen the surface of the valves. The pedicle-valve is 
gently convex, wider than long, and with a shallow median sulcus 
narrowing towards the beak. ‘Tbe surface is marked by faint 
radial ribs, and fine concentric lines of growth in close order. The 
greatest width is about 10 millimetres, the length 6 mm. The 
brachial valve is slightly concave, smooth anteriorly, and shows 
faint lines of growth along the margin. 

The specimens differ from Ambocelia carbonaria, Hind,’ in their 
less tumid character and the presence of faint radial ribs. A. Urit, 
with allied forms, is known to range from the Uppermost Avonian 
to the Permian. 


Lamellibranchiata. 


Nucvura zquaLis, Sowerby. (Pl. XXX, figs. 7 a—7 ¢.) 


This species is extremely abundant, and invariably well preserved. 
The interior of a left valve shows the closely-set teeth most 
numerous posterior to the umbo. 


1 «On the Paleontology of the Marine Bands in the Coal-Measures’ Quart. 
Journ. Geol. Soe. vol. lxi (1905) p. 531 & pl. xxxv, figs. 7-7 a. 
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Two other internal casts of fine shale show that both posterior 
and anterior adductor muscle-scars must have been present as 
moderately-deep pits, the posterior being the deepest—so deep, in 
fact, that a film of the shale-cast has remained behind attached 
to the shell. The small punctate scar of a pedal muscle lies nearly 
midway between the adductor-impression and the umbo, the cast 
of the latter being marked by a shallow fissure, in which are two 
small tubercles indicating the position of corresponding pits in the 
shell. 


Nvcvrana acura, Sowerby. 


Very few examples of this species were found. ‘The elongation 
and attenuation of the posterior extremity are clearly shown, both 
in casts and in the shell. 

At Ashton Vale this is a more robust and larger shell than NVu- 
cula cequalis, and is also more produced anteriorly than the latter. 
There is hardly any likelihood of confusion between the two forms. 


TELLINOMORPHA (?)* Hinpir, sp. nov. (Pl. XXX, figs. 8a & 80.) 


Examples of the present species are fairly numerous, but can 
rarely be freed from the matrix, which usually adheres to the 
anterior portion of the shell. 
-Diagnosis.—Shell somewhat quadrangular in outline, with 
tumid umbones, from which a strong subangular ridge passes 
obliquely backwards to the inferior border. ‘The hinge-line inclines 
slightly downwards in front of and behind the umbones, and thus 
encloses a wide or obtuse angle. The shell is hollowed out in 
front of the umbones in the best-preserved examples, so that the 
anterior margin appears to commence low down below the umbo. 
The anterior margin is well rounded, and passes directly into the 
ventral margin, which forms a wide curve downwards and back- 
wards until it meets the oblique ridge, at that point passing 
upwards into the slightly-curved posterior border, which inclines 
a little inwards to meet the hinge-line. 

The surface of the valves is smooth, and thrown into irregular 
transverse corrugations crossed by fine concentric striz. 

Only the anterior fourth of the shell lies in front of the middle 
line of theumbo. We have not been able to secure a good interior, 
so that the structure of the hinge is not yet known. 


PARALLELODON TENUISTRIATUM (Meek).? (Pl. XXX, fig. 12.) 


Only one internal cast of this form was found, which 
Dr. Wheelton Hind kindly identified. The cast indicates a strongly- 
gibbous shell, marked by concentric lines of growth, most evident 


1 Dr. Hind, who has kindly given me the benefit of his criticism and advice 
upon the lamellibranchs, is strongly of opinion that this species belongs to the 
genus Zellinomorpha, although my own observation leads me to the conclusion 
that it is more nearly allied to Parallelodon. 

2 Final Report U.S. Geol. Surv. Nebraska, 1871, pt. ii, p. 207 & pl. x, 
figs. 20 a-20 d. 
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along the ventral border, and by radiating ribs passing from the 
posterior side of the umbo to the hinder margin. In this region 
the ribs are well marked. Traces of the distal portions of feeble 
ribs are continued down on to the hinder ventral border. 


PosIDONIELLA L&VIS, Brown. 


This species occurs in association with small gasteropods, and is 
by no means rare. The shell, where present, shows coarse con- 
centric corrugations, while internal casts show an_ ill-defined 
longitudinal ribbing. ‘The specimens exhibit the most typical form 
of the species. 


PostponreLtta Kirkmanti, Brown. 


This species is represented by dwarfed individuals with a much- 
wrinkled periostracum. They are considerably rarer than P. levis, 
and seldom exceed 4 millimetres in length. 


PosIDONIELLA MINOR, Brown. 
This species is much rarer than either P. levis or P, Kirkmani. 


Scuizopus antiauus, Hind. (Pl. XXX, fig. 9.) 


Fragments of' this species are fairly numerous, but nearly always 
in the condition of internal casts. The shell, where present, is of 
a strong brown colour, very thin and friable, marked by concentric 
furrows, which become stronger as the margin of the shell is 
approached. 


AVICULOPECTEN GENTILIS, Sowerby. 


A fragment of a left valve and a cast of the right valve were 
found of this species, the latter belonging to a much smaller shell 
than the former. 


PrERINOPECTEN CARBONARIUs, Hind. 


A single right valve, somewhat incomplete. The ribs appear 
slightly monilated towards the inferior margin of the shell, and 
there is an absence of the smoothness in the region of the posterior 
ear which is usually perceptible. This specimen was submitted 
to Dr. Wheelton Hind, who determined the species. It has since 
broken up into fragments during the process of drying. 


PTERINOPECTEN PAPYRACEUS (Sowerby). 


The occurrence of this species is of considerable interest, as its 
range is so thoroughly well known. Dr. Hind has drawn atten- 
tion’ to its range from the top of the massif of the Carboniferous 
Limestone to high up in the Coal-Measures. The latter limit is 
somewhat indefinite; but there is no doubt that the species is of 
rare occurrence above the Lower Coal-Measures, the chief of the few 
levels in the Middle Measures in which it occurs being the marine 


1 « Monogr. Carbonif. Lamellibr.’ vol, ii, Palzont. Soc. (1903) p. 53. 
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bands enumerated in Dr. Hind’s ‘ Paleontology of the Marine 
Bands in the Coal-Measures.’ * ; 

Pterinopecten papyraceus is especially characteristic of the Lower 
Coal-Measures and of the shales of the Millstone Grit. It is abun- 
dant in the lowest beds of the Upper Culm at Instow, Clovelly, and 
other places in North Devon, but is as yet unknown in the South 
Wales and Forest-of-Dean Coalfields. Its presence in the Bristol 
area would now suggest its presence in the adjacent coalfields also. 
Notwithstanding the fragmentary character of the specimens, there 
can be no doubt of the correctness of the determination—the lack of 
bifurcation of the main ribs, and the intercalation of secondary 
ones, being a well-known feature. 


PALHOLIMA RETIFERA, Hind MS. (PI. XXX, fig. 10.) 


One specimen in the form of an internal cast, to which clings a 
little of the original shell. In its general character it assimilates 
to P. simplex, but differs from that species in being somewhat less 
oblique, and in having fewer and finely-angulated ribs, which die 
out as they approach the umbo, and do not exceed 20 in number. 
The ribs show no trace of bifurcation, a specific feature of P. 
simplex. 

Dr. Wheelton Hind informs me that this species has been already 
recognized and described by him in a MS. paper upon a fauna at 
the base of the Coal-Measures in Scotland. At his request, I refer 
the species to P. retifera. 


Moprona, sp. nov. (Pl. XXX, fig. 11.) 


A single specimen only of this genus was found. In the absence 
of more it is difficult to assign it to any species. The shell is 
regularly and obliquely tumid, with a moderately-long hinge-line 
and a well-marked, obtusely-rounded, postero-ventral border. 


Gasteropoda. 


RAPHISTOMA RADIANS, de Koninck. 


Several examples of this species were found; they are of con- 
siderable interest, as the species has been previously known from 
only two horizons in this country, occurring in the North Stafford- 
shire Coalfield in the marine band below the Gin-Mine Coal, and 
at 500 feet below the Third Grit of Congleton Edge (Cheshire).* 


RapuHistoma (?) acura, sp. nov. (Pl. XXX, fig. 13.) 


This form differs from f. radians in possessing a central, small, 
acute spire of four or five whorls. Around the shoulder of each 
whorl is a row of tubercles as in A. radians, but less defined, more 
widely separated, and dying out upon the sides of the shell. The 
inner whorls are of small diameter, as compared with the last two, 


1 Quart. Journ. Geol. Soc. vol. Ixi (1905) p. 584. - 
2 Thid Nes 
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which are wide, concave near their outer border (perhaps as a 
result of pressure), and rise into a gentle convexity as the suture- 
line is approached. The tuberculations form the summit of the 
convexity, from which the shell-wall slopes downwards to join the 
suture-line. Diameter=12 millimetres; height=5 mm. 

The species is easily distinguishable by the acute spire rising from 
the middle of the last two broad and flat whorls. Inasmuch as the 
genus Raphistoma has hitherto only included flattened forms destitute 
of any spire, this species will probably have to be removed from that 
genus, but there is no existing genus to which we have been able 
to refer it. 


PLEUROTOMARIA CARINATA (Sowerby). 


Spire acute, of five whorls, median band broad, concave. Surface 
exhibiting curved striz, the convexity directed forwards. All the 
available examples of this species are crushed. 


PLEUROTOMARIA GEMMULIFERA, Phillips. (Pl. XXX, figs. 14a & 140.) 


A somewhat bluntly-conical shell, convex above the median band, 
and ornamented by five longitudinal rows of minute tubercles. 
Median band broad and slightly concave. Whorls five. Height= 
4 millimetres ; width=5 mm. 


Eorxemus Urner, Fleming. 


Several examples of this species were obtained. Although much 
crushed, sufficient of the characteristic surface-ornament was 
preserved to determine the species. 


BeLLEROPHON HIvLcus, Martin. 


A few fine examples of this species were met with. Unlike the 
previous species, the shells are well preserved, and show the surface- 
ornament admirably. 


BELLEROPHON BICARENUS, Léveillé. 


Only a single fragment of a shell of this species was found, but 
fortunately showing the wide concave dorsal sulcus, with slightly- 
raised margins. The surface-features agree very well with 
L. de Koninck’s description of his first variety." 


MacrocHeiLvs cf. ventRricosus, de Koninck. (Pl. XXX, fig. 15.) 


A single specimen, the surface of which is obscured by a shaly 
covering, which cannot be removed. ‘The spire is short, acute, of 
six to seven whorls, the first very small, and the last extremely 
deep and broad. The mouth-aperture is broken, but apparently oval. 
In the low acute spire, rapidly-enlarging whorls, and large body- 
chamber, this example agrees with the genus Macrocheilus, while 
the mouth-aperture possesses a ventral reflection similar to that 
seen in JZ, ventricosus. 


* « Deseription des Animaux Fossiles’ 1842-44, p- 353. 
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It differs from the Naticopsis brevispira (de Ryck.), as figured by 
Dr. Wheelton Hind, in the greater gibbosity of the shoulder of the 
whorls and in the higher and more acute spire, while the spiral. 
angle is much less. ‘The mouth is thickened on the inner border. 


Loxonema ef, scaALaroipnuM, Phillips. (Pl. XXX, fig. 16.) 


Fragmentary shell showing portions of the three last whorls. 
The shell-ornament consists of strongly-raised, somewhat angular 
vertical ribs, with deep concave interspaces. In general character 
the specimen agrees with L. de Koninck’s description of Phillips’s 
species. It differs from Lowonema acutum, de Kon., in the ribs being 
straight instead of curved. 


LOXONEMA ASHTONENSE, sp. nov. (Pl. XXX, figs. 17 a—-17 c.) 


Height averaging 3 mm., but a few measure 4 mm. and 5 mm. 
Whorls varying from six to eight in number, each whorl being 
about double the height of the preceding one, and the last whorl 
considerably swollen. Ornamented by six to eight sharp longi- 
tudinal striz. Indications appear in one specimen of the mouth- 
aperture, which is in the form of an elongated oval. The upper 
border of each whorl sharply and flatly inclines forwards to the 
suture, so that the whorls appear almost disconnected or but lightly 
touching. 

Numerous examples occur in close association with Lingula 
mytiloides, Nuculana cequalis, Tellinomorpha (?) Hindu, and 
goniatites. 

The acute spire, swollen terminal chamber, and longitudinal 
strie render this species easily recognizable. This form is very 
abundant throughout the ‘ shell-bed.’ 


Naricopsis (?) Dissuncra, sp. nov. (Pl. XXX, figs. 18a & 180.) 


Three little shells were found, possessing a very small acute spire 
of two or three whorls, beyond which the shell rapidly broadens 
out, a portion of the last whorl being discontinuous. ‘The general 
habit suggests Maticopsis, but the small size, discontinuous last 
whorl, and also its development, almost on a horizontal plane, 
constitute, | think, generic differences. No shell-ornament can be 
distinguished, while the last whorls are very strongly convex. 


Cephalopoda. 


Cephalopoda are fairly numerous, and belong mainly to the 
genus Glyphioceras, Gl. carbonarium being especially predominant. 


OrrHoceras cf. CYLINDRACEUM, Fleming. (Pl. XXX, figs. 19a&19 6.) 


A remarkably-cylindrical form, in which the shell is perfectly 
straight, very slender, and ends obtusely. Section circular ;. 
siphuncle nearer margin than centre. Surface of test smooth and 
very faintly annulated. 
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Dr. A. H. Foord, who kindly examined the specimen, sent me 
the following note :— 


‘The species to which it seems nearest allied appears to be O. Martinianum, 
de Kon., but in this the test is perfectly smooth. 0. cylindraceum, Fleming. 
Ann. Phil. vol. v, 1815, pl. xxxi, fig. 3 (non Sow.), as in your shell has a very 
slow rate of increase, about 1 in 10, and a surface minutely striated; but your 
shell has very regular, though faint, annulations—the conditions of preserva- 
tion preventing any finer ornamentation from being seen, if such existed. 
The position of the siphuncle practically agrees with that of Fleming’s species.’ 


OrtHocERAS cf. conquEstuM, de Koninck. (Pl. XXX, fig. 20.) 


Shell straight, except in the first third of its length, where it is 
slightly curved, the curve being strongest near the apex. Annu- 
lations strong in the apical, faint in the anterior portion of the shell. 
The siphuncle is difficult to distinguish, but appears to be sub- 
marginal and of large diameter for the size of the shell. The 
test 1s ornamented along its whole length by a closely-set series. 
of fine, raised, transverse striz, which are coarser and wider apart 
on the upper portion. 


PLEURONAUTILUs cosratus, Hind. 


IL have referred to this species a fragment of an outer whorl 
showing three broad costal ribs, which arise on the edge of the 
umbilicus and are separated by broad sulci, in which the shell- 
ornament consists of very fine transverse lines—in this respect 
agreeing with the type. The fragment of whorl preserved also 
shows a strong tendency towards a quadrangular outline. 


TeMNOCHEILUS TUBERCULATUS (J. Sowerby). 


A littie more than half of the last whorl and a portion of the 
body-chamber is shown. Almost the whole of the shell has 
remained attached to the counterpart, leaving the septa well- 
exposed. Where the outer shell is retained on the edge of the 
umbilicus, there is evidence of three obtusely-conical tubercles. 
Sufficient of the specimen is preserved to indicate that the umbilicus 
was broad and very deep. 

Dr. A. H. Foord, who has examined the cephalopods and kindly 
given me the benefit of his criticism, drew my attention to the next 
species. 


GiypHioceras cf. niripum (Phillips). (Pl. XXX, fig. 21.) 


The same slab of shale as that which carries the fragment of an 
outer whorl of Temnocheilus tuberculatus also exhibits a small peri- 
pheral portion of a Glyphioceras. The outer shell-layer has dis- 
appeared, and thus seven suture-lines can be distinguished, which 
agree closely with the suture-lines of Gl. nitidum. 


GLYPHIOCERAS DIADEMA ? (H. E. Beyrich). 


Internal cast of a fragment of a perfectly-flat shell. Enough 
remains to show that the original was discoidal, with a small and 
shallow umbilicus, and whorls much higher than wide. The 

242 
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surface is ornamented with fine strive, which bend first forwards, 
then backwards, along the middle of the sides and forward again, 
from which they return to the median line. The fragment, which 
has left its impression upon the shale, indicates a shell measuring 
fully 100 millimetres in diameter. 


GLYPHIOCERAS CARBONARIUM (von Buch). 


Examples of this species were found in great abundance and at 
all stages of development. Where the shale contains ironstone, the 
shells are well preserved and uncrushed, while in the softer shales 
they occur only in a flattened and distorted condition. 

The outer layer of the shell is usually absent, but sufficient 
remains in many of the specimens to show the characteristic 
ornament of fine, transverse, crenulated striz and the tuberculated 
umbilical margin. Among the specimens obtained from the 
ironstone-nodules are several showing the suture-line. A few also 
are converted into pyrites. 


GasrRIocERAS CononaTUM, Foord & Crick. (Pl. XXX, fig. 22.) 


Two specimens of this rare species were met with. The only 
other known horizon and locality at which it occurs is over the 
Bullion or Mountain Four-Feet Mine of Bacup (Lancashire), where 
it was found by me in 1896. Although closely allied to G. Listera, 
the species here figured is readily distinguishable therefrom by the 
extreme breadth and flatness of its whorls and by its deep and 
wide umbilicus. 


GasTRIOcERAS Lister (Martin). 


Examples of this species are scarce and usually very small, rarely 
exceeding a diameter of 8 millimetres. From the young forms of 
G. carbonarium they are distinguished by their flatter periphery 
and wider umbilicus, which is also deep and steeply walled. 
Examples of G. carbonarium at the same stage show a rounded 
umbilical edge, the umbilicus itself being narrow and shallow. 


GONIATITES Sp. 


A small goniatite, the genus and species of which I am not able 
to determine, is represented by a few shells not exceeding 4 milli- 
metres in diameter. No surface-ornament can be distinguished, 
while the umbilicus is very small. From an examination of the 
general surface-features, I had presumed the shells to be examples 
of Dimorphoceras Gilbertsoni; but Dr. Foord has pointed out that 
the suture-line seen in one specimen is not that of a Dimorphoceras. 


Fragment of a Nautiloid shell.—tThis is a fragment of a 
portion of the last whorl of a Nautiloid shell. Traces of three 
blunt tubercles are evident along the umbilical border. ‘he 
fragment probably belongs to a species of Temnocheilus. 
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Pisces. 
DipLopvs erpzosus, Agassiz. 


A single tooth of minute size, measuring 4°5 millimetres in length 
by 2mm. at the base. The median denticle is long and cylindrical ; 
the lateral denticles are compressed and divergent. 


Prevroprax Ranxinet, Hancock & Atthey. 


A single dental plate, measuring 2 millimetres by 1mm. The 
carina of the dental crown is well rounded, and more obtuse at one - 
end than at the other. The several elements of the dental plate 
are indicated by six to seven low ridges, strongest near the margin 
and dying out just before reaching the summit of the crown. The 
lateral wings are comparatively broad for the size of the tooth. 


Mzearicutuys pyemmus (?), Traquair. 


Two very small scales, one coarsely punctate, the other smooth. 
These are the only traces of Megalichthys that were found, although 
the genus was diligently looked for. 


STREPSODUS SAUROIDEs, Binney. 


Rather less than half of a scale of normal size, the antero- 
posterior length being fully 17 millimetres. The ornament of longi- 
tudinal furrows is well marked, and even coarse. They bifurcate 
just before reaching the scale-margin. 


RuHIzODOPSIS SAUROIDES, Will. 


Several scales of small size and a clavicle and infraclavicle were 
found. The maximum diameter of the scales does not exceed 
4 millimetres, while in other coalfields they are frequently twice 
and three times this diameter. Two small triangular bones with 
an ornament of curved striz may possibly represent the maxille. 


Ca@LACANTHUS ELEGANS (?), Newberry. 


Two scales incomplete anteriorly, 7 millimetres broad and 6 mm. 
long, the surface covered with slightly-irregular strie which 
converge posteriorly. 


RHADINICHTHYS MONENSIS, Egerton. 


Numerous scales, averaging 2 millimetres by 1 mm. ‘The scale- 
ornament is well shown on most of the specimens, and consists of 
comparatively few strie parallel to and near the anterior and in- 
ferior borders, and a small series of more median ridges terminating 
in six acute denticulations along the posterior border. The under- 
surface of the scale is slightly concave, with a few relatively-large 
punctuations. 


ELonIcHTHYS sp. 


Several small scales of typical Hlonichthys-type, but too small to 
identify, the largest not exceeding 3 millimetres. 
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ACROLEPIS (?). 


A few scales, 2 to 3 millimetres in diameter, thickly coated with 
ganoine and ornamented with a few raised striz which run one into 
the other. Beyond their general resemblance to the Acrolepis-type, 
nothing more can be determined. 


Coprolites.—Several irregular monilated masses, varying in 
length from 14 to 9 millimetres and having a diameter of 9 to 5 mm., 
occur in the shale. All are heavily charged with iron-pyrites, and 
there seems to be no dotbt that they are coprolites. 


Paleoniscid clavicle (Hlonichthys ?).—One small slab of 
shale shows the greater portion of a stout strongly-curved clavicle, 
with a raised ornament of irregular strie which fuse with one 
another. 


EXPLANATION OF PLATE XXX. 


Figs. 1 & 2. Chonetes sp. Showing hinge-spines, short ears, and sulcate 
medial area. x 2. (See p. 458.) 

Fig. 3. Chonetes sp., var. Showing closer ribs and development of ears. X 2. 
(See p. 458.) 

4. Chonetes cf. hardrensis, Phillips. Showing numerous small bifurcate 
ribs and the basal portions of ten hinge-spines. X 2. (See p. 457.) 

_ Figs. 5a & 5b. Productus concinnus, Sow., mut.: 5a = exterior of pedicle- 

valve ; 5 = interior of brachial valve. x §. (See p. 459.) 

6a & 6b. Ambocelia aff. Urti. Pedicle and brachial valves. x 2. 
(See p. 459.) . 

Ta-Te. Nucula equalis (Sow.): 7a = left valve; 7b = conjoint valves 
seen from above; 7c, d = iuternal casts, showing muscle-scars and 
pallial line; 7 ¢ = interior of left valve showing hinge-teeth. X 2. 
(See pp. 459-60.) 

8a&8b. Tellinomorpha (?) Hindii, sp. nov.: 8a = right valve, showing 
external characters; 8 = greater portion of left valve, showing 

; oblique ridge and hinder border. x 2. (See p. 460.) 

Fig. 9. Schizodus antiquus, Hind. Attached valves. x 2. (See p. 461.) 

10. Paleolima retifera, Hind MS. Internal cast, showing angulated ribs 
springing from the margin of the valve and dying out before 
reaching the umbo. xX 2. (See p. 462.) 

11. Modiola, sp. nov. A regular tumid form with faint lines of growth. 
x 3. (See p. 462.) 

12. Parallelodon tenuistriatum (Meek). Internal cast, showing impressions 
of characteristic radiate ribs along the hinder border. xX 2. 
(See p. 460.) 

13. Raphistoma (2) acuta, sp.nov. Example showing the low acute spire, 
nodulated shoulder, and concave outer border. xX 3. (See p. 462.) 

Figs. 14a & 146. Pleurotomaria gemmulifera, Phillips. A good example, 
showing the longitudinal rows of tubercles and the flattened spire. 
x 3. (See p. 463.) 

Fig. 15. Macrocheilus ef. ventricosus, de Koninck. x 3. (See p. 463.) 

16. Loxonema ef. scalaroideum, Phillips. Portion of three whorls, showing 
ornament. xX &. (See p. 464.) 

Figs. 17 a-17¢. Loxonema ashtonense, sp. nov. 17a = shell of six whorls, 
showing the doubling in size of succeeding chambers and the shell- 
ornament ; 176 = shell showing mouth-aperture; 17¢ = magni- 
fied view of shell-ornament. x 6. (See p. 464.) 

18a & 186. Naticopsis disjuncta, sp. nov. Example showing the somewhat 
discontinuous last whorl. x 4. (See p. 464.) 
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Figs. 19@ & 190. Orthoceras ef. cylindraceum, Fleming. Natural size. 
(See p. 464.) 
Fig. 20. Orthoceras ef. conquestum, de Koninck. Natural size. (See p. 465.) 
21. Glyphioceras cf. nitidum (Phillips). Portion of outer whorl showing 
. the suture-lines. x 2. (See p. 468.) 
22. Gastrioceras coronatum, Foord & Crick. Example showing the wide 
deep umbilicus and the broad flattened whorls. Natural size. 
(See p. 466.) 


Discussion. 


Dr. A. Srranan remarked on the value of such a record of tem- 
porary exposures as was contained in this paper. The strata 
yielding this interesting assemblage of fossils were seldom exposed 
to view, and, but for the energy of a local observer, would have 
escaped detection in this underground exploration. Marine fossils 
had long been known to occur in the lowest productive Measures of 
Monmouthshire, thanks to the labours of Mr. Adams, Dr. Bevan, 
and others. Since the working of the local iron-ores had been 
discontinued, few further discoveries of marine fossils had been 
made, probably owing to lack of opportunity rather than to their 
non-existence. The observation that the brachiopod-fauna con- 
tained forms identical with, or closely approximating to, species 
oceurring in the Cyathavonia- and Dibunophyllum-Zones suggested 
that the definition of Carboniferous zones largely depended on the 
nature of the fossils selected for zoning purposes. 

Mr. Watcor Gipson wished to congratulate the Author on his 
interesting discovery of a marine band in the Coal-Measures of 
Somerset. ‘The Author’s experience in Somerset, that the marine 
fossils were found in a particular kind of rock, held good for every 
‘coalfield and for every marine band. Recent investigations on the 
eastern side of the Pennine Chain proved that these marine episodes 
in the Coal-Measures were general, of considerable duration, and of 
frequent occurrence. 

The AurHor thanked the Fellows for their kind reception of his 
paper, and pointed out that the exploration-branch proved the 
Millstone-Grit Series to have a thickness of about 950 feet, a close 
approximation to that estimated by the officers of the Geological 
Survey. The lowest workable seam in the Bristol area was the 
Gays Mine, found in the branch; but it was not at Ashton Vale 
sufficient in itself to justify working. The uppermost limit of the 
Millstone Grit had been drawn below a black shale containing 
typical Coal-Measure fossils. The breaking-in of water and ex- 
haustion of the seams had caused the mine to be closed down. 
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I. InrRopuctorY. 


Tur discovery of the Glacial origin of some gorge-like valleys in 
North-East Yorkshire by Mr. C. Fox Strangways’ and Prof. P. F. 
Kendall? has suggested a new method of physiographical research. 

It is clear, moreover, that such cases must be typical and not 
anomalous. In all glaciated regions, whether in Great Britain or 
abroad, the invasion of any district by an ice-sheet, especially where 
its movement was upstream, would obstruct the natural drainage, 
producing lakes, the level of which would rise until an outlet 
for the water was established in some new direction. In some 
instances the overflow might take place over the advancing ice, 
or between it and the hillsides; in others, where the obstruction 
was of sufficient thickness, water might escape laterally, in a 
direction at right angles to the longest diameter of the lake and to 
the course of the pre-existing stream. 

An overflow-channel so caused, excavated rapidly by a con- 
siderable volume of swiftly-running water, would assume a gorge- 
like character, and originating no farther back than Glacial times 
would present a comparatively recent appearance. It would differ 


1 «Jurassic Rocks of Britain: Yorkshire’ Mem. Geol. Surv. vol. i (1892) 
p- 419; & Trans. Leicester Lit. & Phil. Soc. n. s. vol. iii (1894) p. 333. 

2 Quart. Journ. Geol. Soc. vol. lviii (1902) p. 471. The subject was also 
discussed by the late Prof. H. Carvill Lewis at the Manchester Meeting of 
the British Association in 1887 (Report, p. 692), and more recently by 
Mr. F. R. Cowper Reed in 1901 (‘Geological History of the Rivers of East 
Yorkshire’). 


Lan 


Vol. 63. | ORIGIN OF CERTAIN CANON-LIKE VALLEYS. 471 


essentially from the Midland type of valley with gently-sloping 
contours, produced by the gradual and combined processes of 
atmospheric and fluviatile erosion. 

Typical examples of each kind are here given. Fig. 1 (p. 472), from 
a photograph taken a short distance above Bath, shows the valley in 
which that city stands. Excavated out of the Jurassic limestone 
of the Cotteswolds, it has rather a rapid fall, presenting, never- 
theless, a characteristic example cf the older description. 

Fig. 2 (p. 473), an example of the second group, gives a distant 
view of the entrance to the Ironbridge gorge, near Shrewsbury, 
through which the Severn passes across a narrow ridge of Paleozoic 
rocks from the Cheshire plain to the south. The last-named has a 
very modern look, reminding one of a recently made railway-cutting. 
Time, edax rerum, has left no tooth-mark upon it. 

The lake-like basins described below are associated with and 
drained by recent-looking gorges of the second type, cut down to 
base-level across ridges of high land, and generally at right angles 
to the natural direction of the drainage. The likeness which they 
bear one to the other is very striking, suggesting that they originated 
in a similar manner. 


Before discussing the subject in detail, it may be desirable to 
sketch out, very briefly, the conditions which, in my opinion, may 
have obtained in Central England in Glacial times, so far as they 
bear on our present enquiry. 

Most glaciologists believe that this country was invaded by ice, 

on the east from the German Ocean, and on the west from the Irish 
Sea." Crossing the Lincolnshire Wolds,” but (as I believe) at certain 
points only, ice from the North Sea, augmented, I think, by that of 
an inland glacier from the Vale of York, travelled towards the plain 
of the lower Witham and the Fenland, whence it overspread a large 
tract of country to the east, the south, and the west. To the east 
it reached the Suffolk coast, to the south nearly to the valley of the 
Thames, while to the west it filled those of the Welland, the Nene, 
and the Ouse, overriding also the high land intervening. 
__ Another branch of the northern glacier, keeping to the west of 
the Lincoln ridge, and reinforced by the North-Sea ice, moved 
towards Doncaster and up the Trent basin to the vicinity of Derby, 
where it met the Derwent glacier, and thence crept southward 
along the valley of the Soar into Warwickshire 

On the west, the Cheshire plain was invaded by ice from the 
Irish Sea which, diverting the glaciers descending from the 


' Without any disrespect to the opinions of those who think otherwise, I 
shall assume, in this paper, the correctness of the land-ice theory. 

* See,as to this, W.J. Harrison, ‘Sketch of the Geology of Lincolnshire’ 1882, 
p- 21, and W. Topley, Quart. Journ. Geol. Soe. vol. xli (1885) p. 182. Prof. 
Kendall, moreover, has for many years held the opinion that the intensely 
Chalky Boulder-Clay of Lincolnshire was due to ice crossing the Wolds from 
the North Sea. See also, as to this, W. J. Harrison, Proc. Geol. Assoc. vol. xv 
(1898) p. 408. 
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mountains of North Wales towards the south, carried vast numbers 
of Scottish and Lake-District erratics into the northern part of the 
basin of the Lower Severn, heaping them also upon Cannock Chase, 
and upon the high land near Wolverhampton. 

In. South Wales, Dr. Strahan and his colleagues have shown 
that ice descended in great thickness from the Brecknock Beacons 
towards the Bristol Channel, reaching the shores of the latter near 
Swansea, filling the Neath and Taff valleys to overflowing, and 
rising to a great height on the intervening hills. 

Evidence has also been found of the invasion of the southern 
part of this district by ice from the Irish Sea, which is supposed to 
have travelled up the Bristol Channel from west to east, and to have 
crossed the Pembrokeshire peninsula from St. David’s Head towards 
Gower and to the neighbourhood of Cardiff: erratics believed to have 
been derived from the first-named locality having been found nearly 
100 miles to the eastward of their probable source.” 

The depth of St. George’s Channel between St. David’s Head and 
Ireland, however, exceeds 50 fathoms, and the natural course of 
the Irish-Sea glacier, joined by those descending the western slopes 
of the Welsh mountains, should have been southward along the 
deep submarine vailey opening out to the Atlantic. The distribution 
of the erratics just mentioned seems therefore to indicate that 
the volume of ice, approaching the narrowest part of St. George’s 
Channel, was too great to enable it wholly to escape in that direction, 
some of it being forced by lateral pressure to travel eastward up the 
Bristol Channel. 

It seems worth considering whether so important an ice-stream 
would not have blocked the entrance to the estuary of the Severn,” 
the result being an accumulation of sedentary ice in the valley of 
that river; derived partly from the glaciers of Central Wales* 
and partly from Atlantic blizzards, which I think, for meteorological 
reasons, may have prevailed at that epoch. Such blizzards might 
have filled portions of the Severn basin, then unoceupied by moving 
ice, with masses of snow that would have eventually consoli- 
dated. 

This view may possibly throw light on the origin of the great 
alluvial and lake-like plain of Glastonbury, and of the gorge at 
Clifton, to be discussed hereafter. It may explain also why Arenig 
boulders have been piled up on the Clent Hills, south-west of 
Birmingham, to a height of nearly 900 feet.? It is difficult to 


1 «Summary of Progress of the Geological Survey for 1898 ’ 1899, p. 164. 

2 FB. T. Howard & H. W. Small, Trans. Cardiff Nat. Soc. vol. xxxii (1899) 
p- 44; also ‘Geology of the South Wales Coalfield, pt. viii—The Country 
around Swansea’ Mem. Geol. Surv. 1907, p. 189. 

3 See also as to this, Dr. H. C. March, Proc. Dorset Nat. Hist. Field-Club, 
vol. xix (1898) p. 136. 

4 Dr. Strahan considers that a great body of ice was generated in Central 
Wales, ‘Summary of Progress of the Geological Survey for 1900’ 1901, p. 137. 

5 Mr. W. J. Harrison states that they have been traced to a height of 897 
feet O.D., Proc. Geol. Assoc. vol. xv (1898) p. 401. 
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understand that this could have occurred, if at that time the Welsh 
ice could have fellowed an unobstructed course along low ground 
towards the Bristol Channel. 

The conditions here sketched out, namely, of ice moving upon 
Central England from the sea in a direction opposed to that of the 
natural drainage, are precisely those under which Glacial lakes 
with their accompanying overflow-channels would have naturally 
originated. 


II. Laxe PickERING AND THE Marron GoreeE. 


Most of the Glacial lakes of the Cleveland district described in 
the papers to which reference has been made are comparatively 
small. There is one on a large scale, however, Lake Pickering, 
which was caused, as has been pointed out, by the blocking of the 
outlet of an important valley with ice and Glacial drift. 

Fig. 3 (p. 476), reduced by the kind permission of Messrs. J. 
Bartholomew & Co. from one of their contour-maps, shows the 
topographical features of this district and of the country surround- 
ing it. 

‘The Pickering depression must have been formerly occupied by a 
river flowing eastward, fed by affluents from the surrounding hills, 
but of the valley in which this river ran no trace remains. The 
basin has been levelled by the deposition of alluvium, and the 
streams which now traverse it flow across a nearly featureless 
plain. Its present drainage-system has no relation whatever to 
that existing in pre-Glacial times. 

Occupying a faulted trough of Kimeridge Clay, the Pickering 
basin is nearly surrounded by high land. An opening exists to the 
west, into the Vale of York, near Gilling, but this Prof. Kendall 
considers was blocked by the Teesdale ice at the period in question. 
Comparatively low ground exists, however, to the south-west, 
between Dalby and Settrington, through parts of which an overflow 
from Lake Pickering may in the first instance have taken place. 
As the level of the Lake was lowered, the escaping water was 
confined to a narrower outlet, while, finally, the current becoming 
more rapid, the excavation of the gorge from Malton to Kirkham 
Abbey took place. 


While constructing a contour-map of England and Wales for the 
purpose of tracing the movements of the Pleistocene ice-streams, I 
was interested to find the special features of the Pickering region 
reproduced in other parts of the country in a way which, I think, 
cannot be accidental. Comparing some of the more important of 
these cases with the former, as to the Glacial character of which 
there seems to be no question, I shall endeavour to show that they 
also may be explained in the way suggested by Mr. Fox Strangways 
and Prof. Kendall.’ 


1 Most of the localities mentioned in the present paper may be found on one 
or other of the maps published with it. 
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III. Tae Cuesuire PLain anp tHE GorcE AT [RONBRIDGE. 


Tt cannot be doubted that the advance of an ice-sheet from the 
Irish Sea over the Cheshire plain would obstruct and eventually 
impound its existing drainage. 

Pl. XX XI, a contour-map of the southern part of that region, 
shows also portions of the drainage-basins of the Trent on the east, 
and of the Lower Severn on the south, the three areas being separate 
and clearly defined. 

The Cheshire plain, a Drift-covered Triassic region, lying for the 
most part below the 300-foot contour, with a gradual slope north- 
ward to sea-level along the basins of the Weaver and the Dee, is 
surrounded by high Paleozoic land; on the west by the Welsh 
mountains, on the south by the highlands of Shropshire, and on the 
east by the Pennine Hills; but the girdle is broken towards the 
south-east by a gap of no great width, between Market Drayton 
and Newport, excavated out of Triassic strata. 

This gap, however, les in the path of the ice-stream from the 
Trish Sea which accumulated so many erratic boulders round 
Wolverhampton, and upon the flanks of Cannock Chase; exposed, 
therefore, to direct attack, it may have suffered considerable erosion 
during the Glacial Period. Even if the Cheshire plain had then 
been more continuously surrounded by high land than it is now, it 
seems probable that the Triassic region around Newport stood 
somewhat lower than tke Paleozoic isthmus through which the 
gorge has been cut. 


The drainage of the southern part of the Cheshire plain in pre- 
Glacial times was probably northwards, towards Chester or Crewe. 
The Vyrnwy and the Severn, for example, flow at first to the 
north-north-east,’ and, unless otherwise prevented, they must have 
continued to occupy channels eroded through the Triassic rocks, 
taking a more direct as well as an easier course towards lower 
ground and the sea, the fall being greater in that direction then 
than it is now. 

The gorge at Ironbridge seems, so to speak, an after-thought. It 
has no natural connexion with the Cheshire plain on the one hand, or 
with the basin of the Lower Severn on the other, although it unites 
them artificially, as the Panama Canal may unite the Pacific Ocean 
with the Caribbean Sea, each cutting transversely across a narrow 
isthmus of high land.* 

There is no evidence to show that the Ironbridge gap represents 
an isolated remnant of a river-valley older than the excavation of 
the low-lying plains which it connects. It forms for 2 or 3 
miles a narrow and nearly rectilinear cafon, very recent in 
appearance, having no resemblance to the type of valley originating 


1 The Severn may formerly have taken the more direct course from Mont- 
gomery to Shrewsbury. (See map, Pl. XXXI.) 

2 Prof. P. F. Kendall remarks, as to the overflow-channels of the Cleveland 
district, that they are entirely independent of the natural drainage, Quart. 
Journ. Geol. Soc. vol. lviii (1902) p. 483, 
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under the normal process of subaérial erosion. It cannot have been 
caused by a river originating on or near the Ironbridge isthmus. 
Unless it is older than the Cheshire plain, which seems improbable, 
its excavation must have commenced during the existence of a lake, 
the waters of which, held up towards the north by ice, had attained — 
a level of between 400 and 500 feet. 


As in the case of Lake Pickering, an outfall from the Cheshire 
plain, for such there must have been during the advance of the ice- 
sheet, may have taken place at first in more than one direction, as 
for example by the valley of the Dane and the Rudyard gorge into 
the basin of the Trent. Mr. G. Barrow & Mr. C. B. Wedd have 
indeed suggested that the latter was formed in comparatively recent 
times by the erosion of water escaping rapidly from a Glacial lake, 
remarking that no gathering-ground capable of supplying a stream 
of sufficient importance to have eroded it could have then existed 
to the northward.’ 

The Pennines are broken, moreover, near Madeley, by some 
trenches which connect with the Trent basin by way of Stafford ; 
and in this direction also, as suggested by Mr. Walcot Gibson & 
Mr. C. B. Wedd, water may have escaped during the existence of 
lacustrine conditions in the Cheshire plain.” 

It should be noticed in these cases that the lower contour-lines 
of the hills facing the site of the supposed lake are continuous, 
while the higher contour-lines cut through the crest of the escarp- 
ment. Prof. Kendail points out that, in the Cleveland district, 
this feature is an important characteristic of overflow-channels. 
‘The notches in the escarpment leading to the Madeley—Stafford, and 
the Rudyard cols, bear no resemblance to obsequent valleys. 

Unless the girdle of high land fringing the Cheshire plain were 
more continuous between Market Drayton and Newport in pre- 
Glacial times, there might also have been an outfall at first into the 
basin of the Trent between Newport and Stafford, and into that of 
the Lower Severn to the south-east of Newport. While such outlets 
remained open, no overflow-channel could have been excavated 
across the higher ground of the Ironbridge isthmus. 

The advance of the Irish-Sea ice-sheet towards Wolverhampton, 
however, together with an accumulation of ice from the Pennine 
valleys farther to the east, would eventually have closed these gaps, 
restricting the area of the Cheshire lake, and raising its surface-level. 
The drainage then seeking an escape farther to the west, the erosion 
of the Ironbridge canon would have commenced. 


Since this paper was written, Prof. Watts has informed me that 
Prof. Lapworth has for some time held the opinion that the drainage 
of the Upper Dee was diverted into the Severn Valley in Glacial 
times.” 

1 «The Geology of the Country around Macclesfield, &c.’ Mem. Geol. Surv. 
1906, p. 81. 

2 «he Geology of the Country around Stoke-upon-Trent ’ Mem, Geol. Sury. 
2nd ed. (1905) p. 64. 

3 T understand that Prof. Kendall expressed a similar view some years ago. 
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The only statement of his views on this subject that has been 
published is a short summary of an address delivered during 
an excursion of the members of the Geologists’ Association to 
Birmingham in 1898, which unfortunately I had overlooked. It 
reads as follows :— 

‘Before reaching Compton Quarry a very beautiful view of Kinver Edge 
and the surrounding landscape tempted Prof. Lapworth to develop his idea 
of the rejuvenescence of the Severn Valley, owing to the diversion into it of 
the drainage of the Upper Dee in Glacial times. The deepening of the main 
Severn Valley from Coalbrookdale to Stourport, due to the increased erosion 
brought about by the great increase in the water-supply, had permitted the 
tributary streams entering this part of [the] main valley to cut deep gorges 
for themselves in the lower parts of their courses. The slope of the stream- 
beds here became more steeply inclined, and the rate of transportation in- 
creased, resulting in a more rapid and a more differential local denudation. 
The result is seen in the bold and picturesque scenery of the lower halves of 
their basins in marked contrast with the more rounded and featureless country 
farther back, which remains as yet unaffected.’ (Proc. Geol. Assoc. vol. xv, 


1898, p. 425.) 
Reference should be made, moreover, to a paper by Mr. G. Maw 
on the Severn-Valley Drift.’ 


The ‘enormous concentration’ of boulders between Wolver- 
hampton and Bridgnorth, described by Mackintosh in 1879,? and 
marked on the map (Pl. XXXI), deserves notice. They may be 
numbered by thousands, he states, mostly occurring between 300 
and 500 feet above sea-level, their distribution taking the form of a 
crescent, the convex side of which is directed south-south-eastwards, 
its southern boundary being clearly defined.* The ice to which this 
morainic accumulation was due formed a dam across the Triassic 
region which extends south-south-eastward towards Stourbridge, the 
natural course of the outfall when issuing from the Ironbridge canon. 
Turning suddenly to the south, however, and keeping at first close 
to the high land, flowing possibly between it and the ice, the stream 
was compelled at Bridgnorth to invade Old Red Sandstone and Car- 
boniferous rocks for the second time, and to excavate through them 
a straight, narrow valley of the Ironbridge type. Hscaping from 
the ice near Bewdley, it again entered and continued to follow the 
Triassic plain. 


Mr. Walcot Gibson & Mr. C. B. Wedd, in their survey of the 
Stoke-upon-Trent district (Sheet 123, new series),* and Mr. T. I. 
Pocock and his colleagues in that of Macclesfield (Sheet 110, n.s.),” 
found widespread evidence of the former existence of lacustrine 
conditions in the Cheshire plain. Laminated brickearths, deposited, 
as they believe, during the retreat of the ice-sheet in shifting ice- 


1 Quart. Journ. Geol. Soc. vol. xx (1864) p. 130. 

2 Ibid. vol. xxxv (1879) p. 436. 

> See also P. F. Kendall in G. F. Wright's ‘Man & the Glacial Period,’ 
Internat. Sci. Ser. 2nd ed. (1893) p. 150. 

4 «The Geology of the Country around Stoke-upon-Trent’ Mem. Geol. Surv. 
2nd ed. (1905) p. 64. 

5 «The Geology of the Country around Macclesfield, &c.’ Mem. Geol. Surv. 
1906, p. 91. 
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dammed lakes, occur in many places on the lower ground, though 
they may be traced also to a height of about 500 feet O.D.’ 

They have described, moreover, terraces of sand and gravel 
which they regard as the marginal deposits of a Glacial lake or 
lakes, the different levels at which they occur representing successive 
stages in the retreat of the water.* Lacustrine conditions may have 
also obtained in this district, they consider, during the advance of 
the ice. 

Farther south, towards Shrewsbury, during a visit in the autumn 
of 1906, Mr. R. H. Rastall and I found similar laminated brick- 
earths to the north-west of Ironbridge, at Great Hanwood, Uffing- 
ton, Astley, Shawbury, and Leaton. 

In the present instance, as in others here dealt with, the deepest 
part of the supposed lake was near the trumpet-shaped entrance of 
the gorge through which it was drained.* Such features may have 
been due to the swirl of the water, converging to one point, where 
its erosive power was greatest. 

Conditions like those existing at [ronbridge, namely, an isolated 
area of depression, drained by a straight and narrow channel, are 
reproduced on a smaller scale near the junction of the Vyrnwy and 
the Severn, the excavation of the lakelet at that point having also 
taken place pari passu with the deepening of its outlet (see 

Pl. XXXT). | 


As in the Vale of Pickering, all traces of the former drainage- 
system of this region have disappeared. The Vyrnwy and the 
Severn must have originally excavated valleys in the Triassic 
deposits of the Cheshire plain; there are borings in the latter 
which show the sub-Glacial contours to be in places very irregular. 
At Sydney, for example, near Crewe, on low ground, the Glacial 
Drift was found to be 320 feet thick and to descend 160 feet below 
the present sea-level. At a short distance from the same place 
the sub-Glacial surface of the Keuper Marl rises at least 200 feet.* 

It would appear, therefore, that the levelling of the Cheshire 
plain was not due to fluviatile action, cutting it down to base-level, 
but to the movement cf the ice-sheet over it, on the one hand, 
and the accumulation of Glacial Drift, lacustrine sediment, or 
alluvium on the other. In other parts of the glaciated area ancient 
valley-systems have been concealed by Glacial and post-Glacial 
deposition, rather than obliterated by the action of rivers. In some 
localities, however, it is clear that erosion has helped to produce 
the areas of depression of which this paper treats, and especially 
the deeper part, the lake within a lake (as shown on a contour-map), 
which is found near the mouths of the overflow-gorges. 


1 Brickearth of a somewhat different character, passing laterally into ground- 
moraine, rises in places along the flanks of the Pennines toa height of 600 feet, 
‘The Geology of the County around Macclesfield, &.’ Mem. Geol. Sury. 1906, 

. 89. 
ae Ibid. p. 93. 
* Trumpet-shaped, tbat is, horizontally, as shown in a contour-map. 
4 Op. supra cit. p. 68. 
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The occurrence of isolated mounds, often capped by gravel, in 
the area of the suggested lakes, is a feature common to them all. 
Mr. Pocock mentions such mounds, standing up like islands in the 
Cheshire plain,’ and they are common near Oxford. While in some 
places inequalities would be levelled by the accumulation of sediment, 
in others, as the overtlow-channels were = BRUSSEL and the lakes 
became shallower, what I venture to call ‘lacustrine denudation’ 
might, I think, have taken place. 

The origin of these mounds is not easy to explain on the hypo- 
thesis of fluviatile erosion; but no such difficulty presents itself if 
we regard them as portions of the bottom of an ancient lake, the 
level of which has been gradually lowered. 


ITV. Marrineton DINGLE. 


There is a canon near Chirbury in Shropshire, known to Paleozoic 
geologists as Marrington Dingle, which seems to have originated as 
an overflow-channel to a small Glacial lake. Running parallel to, 
and along the edge of, a depression in the Wenlock Shales, sub- 
sidiary to the valley of the Upper Severn, it forms a narrow, straight, 
and sharply-cut gorge, the sides of which are so steep that on our 
visit to it Mr. Rastall and I had some difficulty in scrambling down 
to the bottom. Fig. 4 (p. 482) gives a contoured plan of the 
immediate neighbourhood. 

Two small streams, Camlad and Caebitra, draining the double- 
headed commencement of the valley in question, meet at Church 
Stoke: the original course of the drainage probably followed the 
Wenlock Beds northward towards Chirbury, being subsequently 
-diverted, and compelled to invade the Ordovician country on the 
east. 

The triangular depression, south of Church Stoke, an area now 
without natural outlet (see fig. 4, p. 482), seems to have been the 
site of a Glacial lake, indicated at Lydham by distinctly-bedded 
brickearth containing fair-sized boulders of an Arenig type, which 
suggest the action of floating ice. Glacial Drift, with erratics of 
Paleozoic grit and voleanic ash, occurs around Montgomery and 
‘Chirbury, near which localities the country has a hummocky and 
morainic appearance. 

It would seem, therefore, that the lower ground north of Church 
Stoke being blocked by the ice-stream of the Severn Vailey, the 
drainage of the region south of that place was forced against the 
higher Ordovician land, probably flowing at first between it and 
the ice, but eventually excavating a channel through the former, in 
places 100 feet deep and cut down to base-level, which has per- 
manently captured the Camlad stream. 

Many such overflow-channels may no doubt be found elsewhere 
in the glaciated area, and it is not necessary to discuss them all. 


* ‘The Geology of the Country around Macclesfield, &c.’ Mem. Geol. Surv. 
1906, p. 95. 
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Fig. 4.—Contour-map of the neighbourhood of Marrington Dingle, an overflow-channel near Chirbury. 
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The present case is interesting, however, as it closely corresponds 
with that of the Severn near Bridgnorth. It will be instructive, 
moreover, to compare the abrupt way in which the Camlad leaves 
the lower ground of the Wenlock Shales to cut into the higher 
Ordovician rocks, with the behaviour of the Avon when entering 
the Clifton Gorge near Bristol, to be dealt with in the next section. 

The mutual resemblance of the phenomena described in this 
paper, even in small details, is remarkable, and the argument as to 
the mode of their origin will be found to have, I think, a cumulative 
force as we proceed. 

It will be noticed that the level of the site of the supposed lake 
is lower than that of the ground north of the junction of the two 
streams; the lake seems to me to have been deepened pari passu 
with the excavation of its outlet. This feature, common to all the 
regions here discussed, appears to support the view that the erosion 
of such basins was due to lacustrine rather than to fluviatile 
action. 


VY. A suecustep Lake TRowBRiper, AND THE GorGES AT CLIFTON 
AND BRADFORD-oN-AVON, 


There is another large lake-like depression in the West of 
England, in Wiltshire, the special features of which also correspond 
closely with those of the Pickering region. 

Pl. XXXII, a contour-map of the surrounding district, which 
should be compared with that of Lake Pickering, shows the basin 
in question to be of irregular shape, about 30 miles long and from 
5 to 12 miles broad, very nearly of the same size as its Yorkshire 
prototype. 

Bounded on the east by the high Chalk-land of the White Horse 
Hills* and the Wiltshire Downs, and on the west by the Jurassic 
deposits of the Cotteswolds, it forms part of the great Oxfordian 
plain which extends diagonally across England from Wiltshire to 
Buckingham and Winslow, and thence, somewhat higher land 
intervening, into the Fenland. 

The western part of this plain is divided by a low ridge between 
Malmesbury and Swindon, separating the catchment-areas of the 
Thames (or Isis) and the Bradford Avon.” For reasons given here- 
after, I think that this ridge may have formed the water-parting 
in pre-Glacial times; there is no indication that any important 
valley formerly joined the two areas, or that any part of the Oxford 
plain drained westwards into the Bristol Channel. 

North-east and south of the ridge, basin-shaped depressions exist 
without natural outlet, associated with cafion-like channels of a 
modern type excavated laterally across higher land—the Thames 
basin being drained by the Goring gorge, and the Trowbridge basin 
by that of Pander. Avan. The drainage of the latter region, I 


1 This is the name adopted for the Berkshire Downs by Dr. H. R. Mill, 
Geogr. Journ. vol. xxiv (1904) p. 634. 
2 Not to be confounded mi the Warwickshire or the Wiltshire Avon. 
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suggest, may originally have flowed southwards towards Frome, 
and thence into the great plain of Glastonbury through the gap. 
between the Mendip Hills on the one side and the Wiltshire Downs. 
on the other, 

No other case exists, over a region extending 150 miles from 
south-west to north-east, in which water runs from one side of the: 
Jurassic escarpment to the other, or in which a channel through it 
has been cut down to the level of the plains.? 


The Avon leaves the Trowbridge basin abruptly, at a sharp angle- 
to the longest diameter of the latter, and to what may have been 
the original direction of the drainage, entering near Bradford- 
on-Avon a recent-looking gorge which connects the Trowbridge 
plain with the Bath valley, one of a group of similar character, 
but of a different and apparently an older type, which inosculate 
near Bathampton. Like that at Ironbridge, the Bradford gorge 
seems to form an artificial connexion between two separate basins. 
Contour-maps give us no reason to think that it is a short iso- 
lated remnant of some pre-Glacial drainage-system older than the 
present physiographical features of the district, as, for example, 
than the erosion of the Trowbridge plain and of the opening to the 
south of it between the Mendip Hills and the Wiltshire Downs. 
Its modern appearance is opposed to such a view. It cannot 
have originated as a dip-slope valley: not only does the water run 
through it the wrong way, but the general trend of the drainage 
between Bradford and Bristol is in an opposite direction to that of 
the dip. 

It is difficult to understand that the drainage of the Trowbridge 
plain could have originally taken place across the Bradford ridge. 
Valley-erosion would have more readily followed the strike of the 
Oxford Clay to the east of Frome. A possible explanation of the 
facts seems to be that the Bradford gorge originated as an over- 
flow-channel to a Glacial Lake Trowbridge. The excavation of the- 
former, on this view, however, could not have commenced while the 
col south-west of Frome stood at its present level; but drainage 
through the latter might have been obstructed by sedentary ice 
accumulated in the col, or in the Bristol Channel, as_ before: 
suggested. In the latter case, a still larger lake must have existed 
over the Glastonbury depression. Bartholomew’s maps show, in an 
interesting way, possible overflow-channels from such a lake: by 
Wellington into the valley of the Exe, by Ilminster into that of 
the Axe, or by Yeovil into the Stour.” 

If the view here taken be correct, the raising of the water-level 
of the Trowbridge plain, sufficiently to have caused the excavation 
of the Bradford gorge, would have carried the suggested lake over 
the Malmesbury-Swindon ridge into the basin of the Thames; but 


1 The gaps in the Jurassic escarpment at Lincoln and Ancaster will be dis- 
cussed later on (§ VI, p. 486). 
2 These channels lie south of the region represented in Pl. XXXII. 
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this is what the facts to be observed in the neighbourhood of Oxford 
may lead us to expect.’ 


Tracing the course of the Avon towards the sea, we find condi- 
tions of lake-cum-gorge recurring on a smaller scale near Bristol, 
as they do to the west of Shrewsbury. Avoiding the Flax-Bourton 
valley, the river leaves the Bristol plain abruptly, going out of its 
way to cut laterally a narrow gorge across higher land (that of 
Clifton Downs), as it did in an earlier part of its course near 
Bradford-on-Avon. 

The Flax-Bourton valley follows a belt of Triassic marl, bounded 
both on the north and on the south by Carboniferous rocks. Its ex- 
cavation and that of the Clifton cafion could not have been simul- 
taneous, nor could the more recent of the two have been formed 
while the river had an unobstructed passage through the older. The 
tendency of a drainage-system, once established, is to become per- 
manent unless interfered with by some external influence.” The 
original course of the Avon may have been through the Flax- 
Bourton valley’; it is the more direct, and erosion would more 
readily have taken place through Triassic strata than across the 
harder rocks of Clifton. 

If the Flax-Bourton valley had been blocked by drifted snow or 
the ice which, as before suggested, might have also existed in parts 
of the Severn estuary at that stage, a lake would have been formed 
with an overflow across the higher land, which subsequently found 
its way to the Bristol Channel through or over the ice: having 
once commenced to erode the Clifton gorge, the river must have 
kept in it, as, indeed, it seems to have done—since, if it had 
diverged to flow over the Triassic strata of Flax Bourton, it would 
have cut a deeper channel in the latter and have there continued. 
It seems improbable that the Avon could have first flowed through 
the Clifton canon, forsaking it to excavate the Flax-Bourton valley, 
and then returning to occupy for a second time its original bed. 

The Clifton gorge presents a distinct affinity to the Ironbridge 
type (fig. 2, p. 473). Like the latter, it has no obvious connexion 
with the natural drainage of the district, having been excavated 
transversely through a narrow isthmus of Paleozoic rock and cut 
down to the level of the Triassic plains on each side. 


Prof. C. Lloyd Morgan,* however, following Jukes’ and Ramsay,’ 
believes that it originated at a remote period when the Clifton 
region was covered by Jurassic deposits ; but, on such a view, the 
conditions under which the erosion of the Clifton gorge and the 
low-lying Triassic areas close at hand took place should be discussed 
together. ; 


* The level of this ridge, however, may have been lowered at some 
subsequent period. 

? See also, as to this, Rev. E. Hill, Geol. Mag. 1903, p. 70. 

° This view was suggested to me by Mr. R. H. Rastall. 

* Proce. Bristol Nat. Soc. n. s. vol. iv (1884) p. 171. 

> Geol. Mag. vol. iv (1867) p. 444. 

° «Physical Geol. & Geogr. of Gt. Britain’ 5th ed. (1878) pp. 511 et segg. 
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We may assume, I think, that the suggested Jurassic covering 
would have been removed more or less contemporaneously from 
the Trias and from the Carboniferous Limestone, but that the 
subsequent denudation would have gone on more rapidly in the 
former case. It seems to me, therefore, more probable that the 
excavation of the Triassic depression which extends southwards 
from Tytherington was effected continuously with the Flax-Bourton 
valley (apparently its natural outlet towards the Bristol Channel), 
and at a comparatively early stage (being in that case older than 
the Clifton canon), than that these closely-connected and similar 
areas should have originated as subsequent valleys during the 
gradual deepening of the latter.! 

The narrow gorge cut through a low ridge of Carboniferous rocks 
near Henbury, mentioned by Prof. Lloyd Morgan, may also be an 
instance, on a small scale, of Glacially-diverted drainage. Unless it 
had been obstructed in some abnormal manner, the Henbury rivulet 
should rather have taken a short and easy course to the Severn 
through the low-lying Triassic district to the west of that place. 

Although the question cannot be regarded as free from doubt, 
it seems to me that the origin of the Clifton canon may be best 
explained on the view here taken. The latter may at least offer an 
alternative hypothesis for further consideration. 


VI. Tae Gars In THE Jurassic Escarpment at LINCOLN AND 
Ancaster. (See map, Pl. XX XIII.) 


It may be interesting to enquire whether the origin of these two 
well-known gaps, which connect, in an apparently artificial manner, 
the basins of the Trent and the Lower Witham, may be explained 
on the theory adopted in the cases before dealt with. 

All the drainage of the great plain stretching from Staffordshire 
to the Tees, with the single and anomalous exception of the River 
Witham, directs itself towards, and eventually falls into, the Humber. 
The Pennine rivers south of the Tees, among which the Don and 
its affluents should be especially mentioned, trend towards the same 
point, and may probably have done so since the valley-system of 
that region was first sketched out. 

This plain, which extends northwards and continuously to the 
mouth of the Tees, follows the strike of the Trias and the Lower 
Lias, formations which in other parts of England have especially lent 
themselves to erosion. It forms an important and, I think, a com- 
paratively ancient feature of the physiography of this region.” 

During the Glacial Period its condition seems to have been more 
or less similar to that of the present ; a sheet of Boulder-Clay bedded 


1 The deepening of the area nearest to the entrance of the gorge, a feature 
vommon to all the cases here discussed, was due, I suggest, to lacustrine 
denudation. 

2 The present paper deals with the physiographical conditions of Glacial or 
pre-Glacial times only, and not with those which may have obtained at a more 
remote period. 


Quart.Journ.Geol. Soc. Vol. LXIIT. Pl. XXX. 


A.H.Searle del.et lith. West, Newman imp. 


MARINE FOSSILS FROM THE BRISTOL COAL-~MEASURES. 
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up to the western face of the Jurassic ridge covers the low ground 
below the latter, extending northwards from the Lincoln gap for 
nearly 20 miles (see map, Pl. XXXIII). There seems to be no 
difficulty, therefore, in believing that in pre-Glacial times the Trent 
may have followed its present course towards the Humber, the point 
to which the rivers of the district naturally converge.! 


The existence of beds of gravel, principally composed of Triassic 
pebbles, between Newark and Lincoln, has led Mr. Jukes-Browne 
to the conclusion that the Trent formerly crossed the Jurassic 
escarpment, flowing through the gap to the Wash, as the Witham 
does now, the excavation of the gorge commencing, however, at an 
earlier period before the erosion of the Triassic plain, when the 
Trent ran eastwards at a higher level across a plain of marine 
denudation.” Similar gravels, indicated on the map (Pl. XXXIII) 
by small dots, oceur, however, north of Lincoln, also pointing 
towards the gap but from an opposite direction. 

The gravels in question are at a much lower level than the crest 
of the ridge through which the gorge has been cut. They afford no 
evidence, therefore, as to the origin of the gap, although they 
may indicate the direction of drainage which at a later stage flowed 
through it. 

It may be pointed out that the Lincoln gap does not lead from 
Newark to the Wash, the present course of the Witham through it 
being an unnatural one. If the Trent had flowed eastwards to 
the Wash at some remote period, before the Jurassic escarpment 
had come into existence, it would have chosen, we may suppose, a 
more direct route, and one farther to the south. 

It does not seem to me probable that, after following for so long a 
distance the strike of the soft Triassic strata, the Trent should have 
suddenly left them to cut into the harder Jurassic rocks, if it could 
' have continued its natural course towards the Humber. Moreover, 
it is difficult to understand that this straight-cut, short, and 
recent-looking notch in the escarpment can represent an isolated 
portion of an ancient river-valley, older than the great plain itself, 
which near Lincoln is more than 10 miles wide. 


The exposures of Boulder-Clay at Barnsley, and at Balby near 
Doncaster, in which Lake-District erratics occur, seem to show 
that an ice-stream from the Tees reached at one time to the south 
of the Humber.’ The crescentic mounds of Drift near York and 
Escrick, formerly believed by Carvill Lewis and others to mark the 
farthest limit of the Teesdale ice, are still regarded as its terminal 
moraine, but accumulated at some stage of its final retreat. 

Forty years ago, moreover, S. V. Wood, Jun., discovered a mass 


The fall from Lincoln to the Humber in pre-Glacial times was greater than 
it is at present, borings in the neighbourhood of Hull showing Glacial deposits 
to descend to a depth below sea-level considerably lower than the sub-Glacial 
levels of the Lincoln gorge. 

2 Quart. Journ. Geol. Soc. vol. xxxix (1883) p. 606. 

3 See Rev. W. L. Carter, Proc. Yorks. Geol. Roe vol. xv (1905) p. 411. 
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of Chalky Boulder-Clay of the Kast Anglian type, several miles in 
length, between Blyton and Northorpe, to the north-east of Gains- 
borough; simultaneously, therefore, with the extension of the 
Teesdale ice-stream to Doncaster, the North-Sea ice must have 
blocked the Humber gorge, and any depression that may then 
have existed between the Lincolnshire and the Yorkshire Wolds. . 
An ice-barrier would thus have come into existence at the stage 
represented by the Boulder-Clay of Doncaster and Northorpe, 
extending from the Pennines to the Lincoln ridge, the latter pro- 
bably somewhat higher than at present, as indicated by the vast. 
amount of Oolitic detritus present 1n the Boulder-Clay of the region 
farther south. Unless the Lincoln gap be pre-Glacial, which seems 
to me improbable, this ice-dam would have impounded the drainage 
of the Trent basin and have formed a lake, its overflow escaping 
eastwards over the Jurassic ridge into the plain of the Lower 
Witham, and eventually excavating the deep notch at Lincoln. 


Assuming that the ice-stream travelled up the Trent basin 
beyond Lincoln, the gap would have been blocked as it moved 
southwards, and the erosion of a second channel, that of Ancaster, 
would have become necessary. The Ancaster notch resembles the 
notch at Lincoln. It is roughly parallel to the latter, crossing the 
_ Jurassic ridge at right angles, and has a similarly recent and 

sharply-cut character. It has not been excavated to a sufficient 
depth, however, to capture permanently any part of the drainage of 
the Trent basin. 

By the time the Ancaster gap was in its turn blocked by the 
advancing ice, the Trent glacier must have met that descending 
from the valley of the Derwent, of the former extension of which 
into this region there seems to be satisfactory evidence, and the 
suggested lake would have ceased to exist. 

During the retreat of the ice-sheet, lacustrine conditions would 
have again obtained in the Trent basin, the Ancaster gorge first, and 
then that of Lincoln, being cleared of ice and possibly deepened. 
It is to this stage that I assign the low-lying gravels mentioned by 
Mr. Jukes-Browne, with those north of Lincoln, and the Bunter- 
pebble drift found south-east of the Lincoln gorge—the latter 
occurring in great force in sheets on both sides of the present course 
of the Witham, along a tract of country 5 or 6 miles in width, as 
shown in Pl. XXXIIT; these gravels seem to indicate floods of 
far greater volume than any which now obtain.’ 


The view here taken suggests an explanation of a difficulty. 
As is well known, the Lincolnshire plain, east of the Jurassic 
ridge, is more or less covered with Boulder-Clay, and ice no doubt 
stretched thence continuously, at one period, across the Fenland 
into Norfolk and Suffolk. On the contrary, although a sheet of 
Chalky Boulder-Clay extends on the west of the ridge for well nigh 


1 See also, as to this, A. J. Jukes-Browne, Quart. Journ. Geol. Soc. vol. xxxix 
(1883) p. 609. 
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20 miles northwards from the Lincoln gap, and similar deposits, 
often in great thickness, cover a large area to the south of Grantham, 
the Trent basin between Lincoln and Grantham is driftless, or 
nearly so. I suggest that Boulder-Clay may have once existed there, 
but that it was removed during the lacustrine conditions attending 
the retreat of the ice by the scour of the water which then swept 
through the gorges at Ancaster or Lincoln. Later on, when the 
erosive power of the escaping water was diminishing, the gravels 
mentioned by Mr. Jukes-Browne might have been deposited. 


There seems to be a considerable amount of evidence tending to 
prove the former existence of Glacial lakes farther to the south-west. 
During a visit to Melton Mowbray in the autumn of 1906, Mr.G. W. 
Lamplugh was kind enough to call my attention to certain stratified 
deposits (the ‘Melton Sand’ of Mr. R. M. Deeley *), which had been 
traced at a more or less uniform level over a considerable area in 
the valley of the Wreak. ‘The idea suggested itself to me that the 
advance of the ice upon the basin of the Soar, obstructing the 
drainage of the former, might have caused lacustrine conditions to 
obtain for a time in that region. Mr. C. B. Wedd has since 
informed us that his own observations are not inconsistent with 
such a view. 

Farther west, at Abbot’s Bromley, beyond Burtcn-on-Trent, Mr. 
R. M. Deeley was good enough to show me a section of laminated 
brickearth, derived from the Keuper marls, which appears to be of 
lacustrine origin. This again, situated at a spot out of the track of 
the main ice-streams, may mark the site of a Glacial lake. Such 
conditions must have existed in other parts of the glaciated areas, 
both during the advance and during the retreat of the ice.” 

Mr. W. J. Harrison also points out that a Glacial lake of con- 
siderable size existed in North-West Leicestershire, extending from 
Hinckley to Market Bosworth and Ashby-de-la-Zouch, indicated at 
the first-named place by loams with which are associated boulders 
of Leicestershire syenite brought by floating ice.* As before stated, 
he believes, as I do, that the Chalky Boulder-Clay ice moved 
down (? up) the Soar Valley past Leicester in the direction of 
Rugby. I cannot agree with him, however, that it travelled thence 
to Buckingham, and still less to Finchley and Romford; it must 
have reached those places, I think, by a more direct course from 
the Fenland, as explained later on. 


The quartzite-gravels of the basins of the Trent and the Witham 
are shown on the map (Pl. XXXIII) by small dots. Similar 
_ deposits border the valley of the former river between Newark and 
Nottingham,* but I have no means of marking them. Their range 


1 Quart. Journ. Geol. Soc. vol. xlii (1886) p. 455. 

? Similar deposits occur also in East Anglia, and (according to Mr. Deeley) 
at other localities in the district now under discussion, Joc. supra cit. 

3 Proc. Geol. Assoc. vol. xv (1898) p. 407. 

* <The Geology of the Country around Lincoln’ Mem. Geol. Surv. 1888 
p. 145. 
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below Newark is taken from the Geological-Survey map. There are 
quartzite-gravels in this region which occur at higher levels, being 
regarded by the officers of the Geological Survey as of Glacial age. 
Some of the latter, as at Gelston for example, seem to connect 
themselves, however, with one or other of the gorges; they may all 
represent, I think, different stages in the Pleistocene Epoch, later 
than the Boulder-Clay. 


VII. Tae Coatxy Bovtprer-Cray or LINCOLNSHIRE AND 
THE MIDLANDS. 


I take advantage of the publication of the map (Pl. XX XIII) 
to show the distribution of the Glacial deposits in the region in 
question, so far as material otherwise available and my own 
observations permit, as well as to sketch out very briefly what, 
in my opinion, may have been the movements of the ice-streams to 
which they were due. It is not possible toegive in the present 
paper the evidence upon which my conclusions are based, but 
I hope to do so hereafter. 


The enormous area, many thousand square miles in extent, over 
which the Chalky Boulder-Clay may be traced* shows, I think, 
that it could not have been wholly originated by ice crossing the 
Wolds from the North Sea, but that it must also have been due, as 
before stated, to a glacier descending from the Vale of York.” 
The connexion of this deposit with the Lincolnshire Wolds is 
shown, however, by the fact that it contains everywhere, in almost 
incredible profusion, blocks of the hard chalk and tabular grey 
flint characteristic of the Turonian strata of that region.® 


A study of the contours of the Chaik-escarpment may indicate 
the points at which the ice moved across the Wolds from the sea.* 
Immediately to the north of Market Rasen, the face of the escarp- 
ment shows no sign of Glacial disturbance, the contour-lines from 
200 to 500 feet being continuous and closely crowded together. 
South of that place, on the other hand, the Wolds are intersected 
by a transverse depression, running north and south, while farther 
south still the surface of the Chalk is irregular and much broken 
up, and the hills do not attain the elevation of those on the north. 
It is in the region lying south of Market Rasen, near Horncastle 


1 See, as to this, 8S. V. Wood’s map in Quart. Journ. Geol. Soc. vol. xxxvi 
(1880) pl. xxi, republished in Proc. Geol. Assoc. vol. xvii (1902) p. 463. 

2 It was from this direction, I believe, that the Carboniferous detritus 
frequently met with in the Chalky Boulder-Clay of East Anglia was mainly 
derived. 

> Some of the paleeolithic implements found in the Drift-covered area have 
apparently been chipped out of grey Lincolnshire flint from the Boulder-Clay. 

* I regret that the views here adopted as to the glaciation of this region 
differ from those of my friend, Mr. Jukes-Browne; as to the latter, see his 
various Survey Memoirs on the geology of Lincolnshire. 
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and close to the western slopes of the Wolds, that the intensely- 
chalky Boulder-Clay of Lincolnshire occurs, that of the lower 
ground a short distance only to the west being darker in colour, 
having a Jurassic matrix, and containing much Jurassic detritus ; 
the latter deposit was well shown in 1904 at a disused brickyard 
near Langton. ‘The distinction between the two kinds of Drift is 
well marked, and has long been known. One passes abruptly, 
moreover, from one kind to the other.’ 

Descending from the Wolds towards the plain of the River 
Witham, the intensely-chalky Drift abruptly trends south-eastward 
to the south of Benniworth, piling itself up in long ridges, parallel 
to the Wold scarp, which attain in places a height exceeding 
450 feet above sea-level ; viewed on the spot these ridges suggest 
to me the idea of a lateral, or perhaps a medial moraine. 


Similar Boulder-Clay, whitish in colour with a chalky matrix, 
and containing but little Jurassic detritus, apparently a continuation 
of the intensely-chalky Drift of the Wolds, is met with in Central 
Norfolk to the south-east of the district in question. The Chalky 
Boulder-Clay of a great part of Suffolk, on the other hand, is blue, 
and contains a vast amount of Kimeridgian débris, corresponding 
with the Jurassic Drift of the Witham basin. In East Anglia, as 
in Lincolnshire, one passes suddenly from one kind of Drift to the. 
other. Conterminous along a line running roughly from west to 
east in the former region, these Drifts are equally dissimilar in 
appearance and composition. ‘Taken as a whole, they seem to me 
to represent the morainic accumulations of distinct but contiguous 
ice-streams travelling side by side in a south-easterly direction 
from Lincolnshire, across the mouth of the Wash, into Kast 
Anglia.” The only explanation that I can suggest, of the sudden 
diversion of the Chalky Drift towards the south-east, is that the 
basin of the Witham was then occupied by a more important ice- 
stream, sufficiently thick to prevent the Wold ice from over- 
spreading the lower ground. 


As the intensely-chalky Drift reaches a height of 450 feet O.D. 
above Benniworth, and the ice which impinged against the eastern 
side of the Cleveland Hills attained in the latter region, according 
to Prof. P. F. Kendall, a still greater elevation,® an overflow from 
the North Sea must also have taken place, I believe, through 
the depression, 20 miles wide, separating the highest part of the 
Lincolnshire Wolds from those of Yorkshire, where the Chalk ridge 
is much broken up and rarely exceeds 300 feet in height. It was 


1 In places, however, the ice of the intensely-chalky Boulder-Clay seems 
to have encroached on that of the Chalky-Jurassic Drift, the former deposit 
being sometimes found in well-borings to be underlain by Boulder-Clay of a 
dark-blue colour. 

2 I hope to give further evidence in favour of this view, in a future paper. 

3 See his map of the glaciers and glacier-lakes of the Cleveland area, Quart. 
Journ. Geol. Soe. vol. lyiti (1902) pl. xxviii. 
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from this area, I submit, that the Cretaceous detritus of the Trent 
Valley and-the district to the south of it was derived, while that of 
Kast Anglia and the Ouse basin came principally from the Wolds 
south of Market Rasen. 


From the chalky Drift of Northorpe and Blyton, Boulder-Clay 
with Cretaceous débris may be traced along the low ground west of 
the Jurassic ridge to Lincoln. Between Lincoln and Grantham it 
is unknown, as before stated; but it comes on again south of the 
latter place in great force. Near Grantham, the ice-stream of the 
Trent seems to have split—one part continuing to travel up the 
Trent Valley towards Stanton and Chellaston, and thence vid 
Leicester to Rugby and Stockton (see map, Pl. XXXIV), the re- 
sulting Boulder-Clay containing abundance of hard chalk and grey 
tabular flint; another part appears to have overridden the Marlstone 
escarpment near Grantham, spreading a sheet of typical Chalky 
Boulder-Clay, often of considerable thickness, over the high ground 
south and south-west of that place. The map (Pl. XX XIII) shows 
that, whereas the Liassic escarpment is continuous and undisturbed 
for some miles to the north and south of Lincoln, save by the gaps 
already referred to, it is abruptly broken up in the neighbourhood 
of Grantham. 

Prof. J. W. Judd & Mr. A. J. Jukes-Browne have described, in 
the region south of the latter place, a number of enormous masses 
of Marlstone-rock comparable in size to the great boulders of Chalk 
or marl in the Cromer cliffs." When plotted on the map, these 
Marlstone-erratics form a trail 12 miles long, the alignment of 
which is from north to south. Broken off, I suggest, from the edge 
of the escarpment by the ice overriding it from the Trent Valley, 
these masses have been carried to the south of their parent-rock, 
indicating an ice-drift in that direction. The position which they 
occupy, shown on the map by crosses (+), lends no support to the 
hypothesis of ice moving across the region from the east or the 
north-east, that is, from the Wash. 

Mr. H. B. Woodward’s observations during the construction of 
the railway from Bourn to Saxby, at which time some fine sections 
of Chalky Boulder-Clay were opened up, seem equally opposed to 
that view. He says (Geol. Mag. 1897, p. 486) :— 


‘The country was trenched in an east-and-west direction from the Oxford 
Clay of Bourn to the Lower Lias of Melton Mowbray. Amongst the Jurassic 
materials in the Boulder-Clay there was a noteworthy preponderance of 
Oxfordian fossils in the eastern, of Great Oolite fossils in the central, and of - 
Lias fossils in the western portion of the area.’ 


The strike of the Jurassic strata named, north of the railway, is 
from north to south; the facts noted by Mr. Woodward appear 
therefore to point to a similar movement of the ice. 

The piling-up of the Chalky-Jurassic Drift on the highlands of 


1 «The Geology of the S.W. part of Lincolnshire, &c.’ Mem. Geol. Surv. 
1885, p. 79. 
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Leicestershire and Rutland south of Melton Mowbray, to a height 
exceeding in places 600 feet, indicates, I think, that the Trent basin 
was then occupied by ice of considerable thickness, otherwise the 
stream coming from the north-east should have continued to travel 
westwards towards Burton-on-Trent. I suggest that it was the 
Pennine ice, and especially that descending the valley of the 
Derwent, which diverted the eastern glacier from its natural course. 
At first, and before the arrival of the latter, the Pennine ice appears 
to have extended for some distance to the south-east.1 Mr. Lomas 
and I noticed in 1904, for example, a section near Corby Station, 
south of the River Welland, and 30 miles to the south-east of 
Loughborough (shown on the map, Pl. XXXIV), from which had 
been taken a great number of big erratics, 80 or 90 per cent. of 
which seemed to us to be Carboniferous. Many Carboniferous and 
Mount-Sorrel boulders occur, moreover, to the east of the Soar 
Valley. On the other hand, there is evidence of the extension, at 
a subsequent period, of the eastern ice-stream with its Chalky Drift 
to the west of that river, Triassic Boulder-Clay containing Pennine 
and Mount-Sorrel erratics being found there to be overlain by the 
former. In 1904 there was a good section of this, now unfortu- 
nately filled with water, in a brickyard at Leicester Forest. The 
region between Derby and Loughborough seems to have been the 
meeting-ground of the north-eastern and north-western ice. 


The intensely Chalky Drift of South Lincolnshire is shown on 
the map (Pl. XX XIII) by rings, the Chalky-Jurassic Boulder-Clay 
of the lower ground by rings and dots, and the Drift of the Pennines 
and the Vale of York by darker rings. 

The Glacial deposits which occur to the east of the Wolds 
(represented on the map by black dots) seem to me to be the morainic 
accumulations of the great glacier of the North Sea. The upper 
portion, the ‘ Hessle Clay’ of Wood and Rome, was believed by them, 
as by Mr. Jukes-Browne, to be considerably newer than the under- 
lying Purple Clay, which, in its turn, is underlain in Holderness by 
a basement Boulder-Clay containing chalk.* The maps of the 
Geological Survey do not distinguish between these various beds, 
nor have I attempted to do so. For my present purpose I group 
them all, though perhaps belonging to different stages of the Glacial 
Period, as North-Sea Drift. . 


1 Tt should be stated that Mr. R. M. Deeley believes that the Chalky Bouider- 
Clay glacier travelled westward as far at least as Hanbury, north-west of 
Burton-on-Trent (Quart. Journ. Geol. Soc. vol. xlii, 1886, p. 457). It seems 
to me, however, that the Pennine ice must have continued to occupy that region 
at the period of maximum glaciation, although the Derwent glacier may 
have been diverted from its earlier and south-easterly course by the pressure 
of the north-eastern ice. I suggest that the Cretaceous detritus found in the 
Hanbury district, although originally due to the latter, may have been trans- 
ferred to the Derwent ice-stream where the two came into contact, and have 
been carried thence westwards with the Carboniferous débris which is also 
found in the Drift of that region. 

2 Mr. J. W. Stather informs me that the Chalky basement-clay of Holderness 
contains many Scandinavian erratics. 
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The distribution of the Hessle Clay, according to 8S. V. Wood, is 
shown in his Drift-map in 1867. Mr. Jukes-Browne’s views are 
embodied in maps which accompany the papers named below.” The 
ridge of Boulder-Clay at Stickney and Sibsey, which projects across 
what I believe to have been the south-eastward movement of the ice 
of the intensely Chalky Drift, belongs, in Mr. Jukes-Browne’s 
opinion, together with that of the Spilsby district, to the later or 
Hessle stage. 


VIII. A sueeestep Lake Oxrorp anp tHE Gorine Gap. 
The pre-Glacial Course of the Thames. 


The features of that part of the Jurassic plain which lies east 
and west of Oxford, and those of its outlet through the Chalk- 
escarpment, the well-known Goring gap, are so nearly identical 
with the cases before discussed as to suggest promd facie that they 
originated in a similar way. Pl. XXXIV shows another lake-like 
area of depression, drained by a gorge of modern aspect, excavated 
transversely across the adjacent range of hills, and cut down to 
the level of the plains on either side of the latter, the only case of 
the kind in the Chalk-escarpment over a distance of 150 miles.* 
The deepest part of the basin is near the trumpet-shaped entrance 
to its outlet, as at Malton and elsewhere ; it appears to connect itself 
moreover with a district, the drainage of which was obstructed by 
the advance of the ice-sheet. | 

The basin in question is bounded on the north-east, between 
Buckingham and Leighton Buzzard, by a transverse ridge of com- 
paratively high land, from 400 to 500 feet above sea-level—partly 
composed, however, of Glacial Drift, the terminal moraine of the 
Ouse branch of the great Eastern Glacier. At present, this ridge 
marks the division between the drainage-system of the Upper Thames 
and that of the Fenland, but (as before suggested) the watershed 
may have lain farther to the south-west in pre-Glacial times, the 
Oxford plain then standing at a somewhat higher level than it now 
does. 

Some deep borings at Hitchin* and at Newport (Hssex),’ revealing 
Glacial drift at a depth of 68 feet in the one case, and 140 feet in 
the other, below Ordnance-datum, point to the existence in pre- 
Giacial times of valleys descending obsequently from the Chalk- 
escarpment. 


1 Published for the first time in Proc. Yorks. Geol. Soe. vol. xv, pt. 11 (1904) 
pl. xlviii. 

2 Quart. Journ. Geol. Soc. vol. xxxv (1879) fig. 1, p. 399, & vol. xli (1885) 
fei. Ll: 

3 The case of Goring Gap is absolutely unique. At no other point south of 
the Little Ouse-Waveney depression does water flow through the Chalk-range 
from one side to the other. he 

4 From information kindly supplied by Mr. W. Hill, F.G.S. He has since 
written to say, that evidence has been obtained which enables him to trace this 
consequent pre-Glacial valley for a distance of 7 or 8 miles from south to north. 

5 Quart. Journ, Geol. Soc. vol. xlvi (1890) p. 334. 
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In another boring 2 miles south-west of Sandy, in Bedfordshire, 
on low ground near the Greensand-escarpment, Boulder-Clay 104 
feet thick was found overlying the Oxford Clay, about 100 feet 
below the level of the Bedfordshire plain and but little above that 
of the sea." 

Such cases seem to indicate pre-Glacial valleys, subsidiary to 
that of an important river flowing in a north-easterly direction 
towards the Wash, at a level considerably lower than the River 
Ouse at present. 

Borings at Boston, Fossdyke, and Long Sutton, farther to the 
north-east, beyond the limits of the map, in which Boulder-Clay 
was shown to extend from 100 to 160 feet below sea-level,’ may 
represent the seaward extension of such a drainage-system, excavated 
at a time when England stood higher than it does now. 

Approaching more nearly the Oxford region, we find a boring 
near Stony Stratford, in the upper part of the Ouse basin, with 112 
feet of Drift, resting upon the sub-Glacial surface at about 115 feet 
above Ordnance-datum.* The present level of the nearest part of 
the Oxford plain is 100 feet higher, suggesting that the drainage of 
the latter may have been originally towards the Fenland through 
this Drift-filled valley and some channel now hidden by Glacial 
deposits, which are in that region of considerable thickness. 

At Buckingham, for example, 64 miles south-west of Stony 
Stratford, a well was carried for nearly 70 feet through Glacial 
gravels to a level of about 220 feet O.D., without piercing them ; 
and another boring in the same locality showed 78 feet of 
Drift. 

Assuming that the borings at Buckingham and Stony Stratford 
represent portions of the same pre-Glacial valley, it is improbable 
that the former coincides with its maximum depth near that place, 
as the longitudinal rivers of the Jurassic plain have no such fall 
as 100 feet in 6 or 7 miles; under any circumstances, the valley 
could hardly have terminated abruptly near Buckingham. 

If, moreover, the Glacial deposits could be removed, it would be 
found that the Oxford plain was formerly connected with the basin 
of the Ouse by a valley of a more important character, wider as 
well as deeper, than that which still exists.* Such a valley seems 
to have no meaning, and its origin is not easy to explain, unless 
we regard it as excavated by a river flowing from the south-west ; 
in fact, by the primeval Thames. 


1 Reported by Mr. J. Hopkinson, Quart. Journ. Geol. Soc. vol. lix (1903) 
p- 49. The pre-Glacial valleys may have been deeper than the figures given 
above; it seems improbable that these chance borings should always have 
coincided with their greatest depth. 

2 «The Geology of the Borders of the Wash’ Mem. Geol. Surv. 1899, 
pp. 115-18; see also ‘The Water-Supply of Lincolnshire’ Mem, Geol. Surv. 
1904, p. 171. 

3 Reported by Messrs. Le Grand & Sutcliff. 

* At Stony Stratford, as we have just seen, the bottom of the pre-Glacial 
valley was about 100 feet lower than the present level of the River Ouse at 
the same point. 


Q.J3.G.8. No. 252. Qn 
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The late Sir Joseph Prestwich, indeed, maintained that the 
Thames (or Isis), originating in pre-Glacial times, ran towards the 
Wash, having been diverted to the south during the Glacial Period 
by the excavation of the gorge at Goring.’ 

The map (Pl. XXXIV) shows a line of low hills, occasionally, as 
near Oxford, capped by gravel, which extend from Purton by 
Faringdon and Wytham to Headington and Beckley, and thence to 
Brill; they seem to represent isolated portions of a former Oolitic 
escarpment, principally Corallian. Such an escarpment, then perhaps 
unbroken, might possibly have formed the southern slope of the 
valley in which the pre-Glacial river ran. 


The Oxfordshire Gravels. 


Some of the hill-gravels of Oxfordshire and Berkshire, attaining 
in places a height exceeding 600 feet O.D., as at Nettlebed, were 
correlated by Prestwich with the Westleton deposits of Kast Anglia,* 
and have been referred to under that name by subsequent writers, as 
by Prof. J. W. Gregory,’ Messrs. H. W. Monckton & KR. 8. Herries,* 
and Mr. H. J. Osborne White.’ 

There are other plateau-gravels, however, in the vicinity of 
Oxford, near Goring Gap and elsewhere, reaching in places a height 
of about 500 feet above sea-level, which have been regarded, 
not only by Prestwich, but by most of those who have studied the 
subject, as of Glacial age. Whether we consider their constituent 
materials, or the conditions under which they may have originated, 
it is difficult, I think, to come to any other conclusion. Mr. Osborne 
White remarks that they differ both in distribution and in compo- 
sition from those first named: the isolated hill-patches of the 
former contrasting markedly with the wider spread of the latter.° 

The gravels regarded as Glacial occur at various levels, but I 
agree with Mr. White (op. cit. p. 11) in thinking that those of the 
plateaux on the one hand, and of the lower terraces on the other, 
are the extremes of one and the same series, the principal distinction 
between them being the greater abundance in the former of rocks 
foreign to the Thames basin. : 


1 Quart. Journ. Geol. Soc. vol. xlvi (1890) p. 177. The Rey. A. Irving had 
previously urged that the Kennet-Thames line of drainage represents the 
original course of the Thames; the erosion of the Pangbourne (or Goring) 
gorge, by which the Isis was diverted, taking place at a comparatively recent 
period, Quart. Journ. Geol. Soe. vol. xliv (1888) p. 181. 

2 Ibid. vol. xlvi (1890) p. 120. It seems desirable, however, to adopt some 
other name for these deposits. The term now used implies their identity 
with the pebbly gravels of Norfolk and Suffolk, as to which many people 
are doubtful ; the identity, I think, rests upon very slender evidence. 

3 ‘Natural Science ’ vol. v (1894) p. 98. 

4 Proc. Geol. Assoc. vol. xii (1891-92) p. 108. 

5 Ibid. vol. xii (1892) p. 379. 

© Ibid. vol. xiv (1895-96) p. 27. 
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The Triassic Drift. 


The most noteworthy constituents of these beds are the easily- 
identified Triassic pebbles from the Bunter, which, although far 
travelled, occur in great profusion; they also contain flint, and 
occasionally blocks of vein-quartz, some of the latter being of 
considerable size." 

There can be little doubt as to the course by which the greater 
part of the Bunter Drift reached the Oxford plain and the valley 
of the Thames. More than 80 years ago Buckland pointed out that, 
existing 7m situ to the north only of the Cotteswold area, drifted 
Triassic pebbles occur within it ‘in prodigious numbers, as at 
Shipston-on-Stour, whence he followed them in a continuous trail 
along the basin of the Evenlode to the Oxford plain, and crossing it, 
to Goring Gap.* The map accompanying his memoir brings them 
down the Cherwell Valley also; but, so far as my observations go, 
they are seldom found there, the gravels of that district being almost 
entirely Jurassic. The main stream of the Triassic Drift seems 
to have followed the Evenlode route.* 

Tracing the Bunter pebbles from their probable source in 
Staffordshire, we find them ascending the valley of the Tame to 
the watershed of that river, upon which, at an elevation of rather 
more than 400 feet, they occur in considerable abundance, 
descending thence into the plain of the Warwickshire Avon. Not 
only do they cover a large area in the basin of the latter river, 
following its course to the south-west towards Evesham, but they 
again ascend, rising southwards more than 200 feet up the valley 
of the Stour to the plateau separating it from that of the Evenlode. 


1 The papers dealing with the gravels of this district in recent years have 

been very numerous. In addition to those already quoted I may mention :— 

H. W. Moncxton, Quart. Journ. Geol. Soe. vol. xlviii (1892) p. 29; vol. xlix 
(1893) p. 808; & vol. liv (1898) p. 184. 

H. W. Monoxton & R. 8. Hurries, Proc. Geol. Assoc. vol. xi (1889-91) 
p. 18. 

A. E. Saurser, Proc. Geol. Assoc. vol. xiv (1896) p. 389; vol. xv (1898) 
p- 264; vol. xix (1904-1906) p.4; & Trans. Herts Nat. Hist. Soc. vol. xii 
(1904-1905) p. 137. 

H. J. Osporne Wuits, Proc. Geol. Assoc. vol. xv (1897-98) p. 157; vol. xvi 
(1899-1900) p. 251; vol. xviii (1903-1904) pp. 300 & 414; & vol. xix 
(1906) p. 371. 

Rev. A. Irvine, Quart. Journ. Geol. Soe. vol. xlvi (1890) p. 557; & Proce. 
Geol. Assoc. vol. xv (1898) p. 224. 

' O. A. Surussotz, Quart. Journ. Geol. Soc. vol. xlvi (1890) p. 582; & vol. liv 
(1898) p. 585. 
J. Auten Brown, Proc. Geol. Assoc. vol. xiv (1895-96) p. 153. 


) 


> ¢Reliquiz Diluviane ’ 1823, pl. xxvii. 

3 [ noticed these gravels in two places, at Rousham on the right, and at 
Kirtlington on the left, bank of the river. At both Jurassic material greatly 
preponderates. The gravels contain a few flints or Triassic pebbles, but have 
little resemblance to the Evenlode gravels in which such detritus occur in 
great abundance. 

+ Mr. Shrubsole says, moreover, that there is no quartzite-gravel in the 
higher Windrush valley, Quart. Journ. Geol. Soc. vol. liv (1898) p. 598. 
2Nn2 
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At Moreton-in-the-Marsh, on the Stour-Evenlode watershed, 
more than 400 feet above sea-level, there are some exposures of 
coarse gravel resembling in their general character the ‘ Cannon- 
shot’ deposits of East Anglia, composed mainly of Bunter pebbles, 
but containing also large blocks of grey flint of Lincolnshire type, 
and of Carboniferous sandstone. 

From the Moreton plateau the Triassic Drift, following the 
Evenlode into the Oxford plain, crosses the latter towards the 
Goring gorge at a maximum elevation of about 450 or 500 feet, 
representing, however, not so much the level of the lowest part of 
the plain at the period in question, I think, as the height at which 
an overflow took place over the Corallian ridge just mentioned ; this 
point, however, will be discussed later on. 

It seems probable that the level of the Oxford plain has been 
reduced since the Glacial Period; on that view the lower part of 
the valleys of the Evenlode, Cherwell,’ and other rivers draining 
into it have been cut down in comparatively recent times to a 
corresponding degree.” The Bunter Drift occurs, not so much at 
the bottom of the Evenlode valley, as along its flanks; near 
Leafield, indeed, where the river turns suddenly eastwards, the 
Drift overrides the high land, taking a more direct course towards 
Oxford, as shown in Buckland’s map, and afterwards by the late 
W. C. Lucy.’ 


The distribution of the Bunter Drift thus sketched out, following 
as it does a clearly-defined trail, could not have taken place 
under conditions similar to those which now obtain. Its volume is 
too great and the area over which it may be traced too wide and 
continuous, I think, to justify the theory that it was due to a 
hypothetical river, descending at a remote period from the 
Pennines.* 

- If the distribution of the Triassic pebbles and the excavation 
of the Goring gorge had been due to such a primeval river, crossing 
the Oxford plain transversely from the Jurassic escarpment to that 
of the Chilterns (at an elevation in the first place of nearly 500 feet 
above sea-level), such conditions must have been continuous to 
the present day. The co-existence at no great distance, however, 
of the strike-valley described on p. 495, 200 to 400 feet below it, 
seems inconsistent with such a view. The low-level strike river, 
cutting itself back through the soft Oxford Clay until it was joined 


1 The whole course of the Cherwell River below Banbury lies under the 
300-foot contour. 

2 It is worthy of notice, I think, as bearing on this point, that the later 
gravels of the Oxford plain, those occurring at a comparatively low level, 
contain a predominant amount of Jurassic material. 

3 ‘The Gravels of the Severn, Avon, & Evenlode, &c.’ Proc. Cottesw. Nat. 
Field-Club, vol. v (1869-72) p. 71. Mr. R. H. Rastall and I spent some time 
in visiting the localities described by Lucy, and can testify to the accuracy of 
his observations. 

+ This view is adopted, however, by Mr. S. 8. Buckman, in a well-known 
paper in ‘ Natural Science’ vol. xiv (1899) p. 288. 


Vol. 63.) ORIGIN OF CERTAIN CANON-LIKE VALLEYs. 499 


up to some subsequent stream like the present Ray, would, it may 
be thought, have captured the high-level transverse river and have 
diverted its flow to the north-east. No such difficulty arises if 
we regard the plateau-gravels of Oxford and the Goring region as 
deposited by water escaping from a lake formed by the blocking 
of the Buckingham valley by the ice-sheet. 

Buckland attributed the Bunter Drift to currents of diluvial 
violence. Such might conceivably have existed in the form of an 
overflow from Glacial lakes occupying the basin of the Tame, or that 
of the Avon. No indications exist, however, of canon-like channels 
erossing the joint watershed of those rivers, or of that of the Stour 
and Evenlode, and cut down to base-level, which we ought to find 
if such had been the case. Lucy, on the contrary, invoked the aid 
of ice-action; there seems to me to be a considerable amount of 
evidence in favour of that view. 

At Hxhall, 4 miles north of Coventry, for example, near the 
300-foot contour, are some large brickworks showing Glacial till, 
containing not only Bunter pebbles and boulders of Carboniferous 
sandstone, but also a number of blocks which Mr. R. H. Rastall 
has recognized as Nuneaton diorite. The area from which the latter 
could have been derived is very limited; the occurrence of Boulder- 
Clay with such erratic points, therefore, in my opinion to the 
former existence of an ice-stream-from the Pennines, moving 
southwards along the Nuneaton ridge towards the basin of the 
Avon. 


The Cretaceous Drift. 


The introduction of Cretaceous detritus into the Avon basin, 
moreover, can only have been due, I think, to the action of 
land-ice. 

It has been long known that a branch of the great Hastern 
Glacier extended as far as Rugby, bringing into that region Chalky 
Boulder-Ciay, always containing hard chalk and grey flint of the 
Lincolnshire type, with red chalk which must have come from the 
Wolds. Last year I discovered at Stockton, about 350 feet above 
sea-level, 8 miles south-west of Rugby, another characteristic 
exposure of the same deposit, containing, with the usual Cretaceous 
and Jurassic detritus, two big erratics, identified by Mr. Rastall 
as Leicestershire granophyre’ ; and I subsequently found in a garden 
‘at Stratford-on-Avon, 15 miles farther to the west-south-west, 
another boulder of the same rock, measuring 23 x 13 x 13 feet.” 

Grey flint of the Lincolnshire type occurs also at Hatton, near 
Warwick (about 350 feet O.D.), in the Triassic Drift of that region ; 


1 The famous Stockton erratic, 4 feet long, is said to be of Mount-Sorrel 
granite: possibly this may be an error; but, as it is enclosed with iron railings, 
I could not ascertain. 

2 Mr. R. M. Bird, the owner of this boulder, informed me that he remembers 
it being taken from a gravel-pit near his house. 
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the Rev. P. B. Brodie has stated that between that place and Wilmcote, 
near Stratford-on-Avon, opposite the mouth of the Stour Valley, 
many large flints and some hard chalk occur.’ It seems, therefore, 
that the Cretaceous Drift was carried down the Avon basin far 
enough to the west to be caught up by the ice-stream which, 
according to Mr. H. B. Woodward, ascended the Stour Valley? to 
the Evenlode watershed, upon and to the south of which such 
detritus is frequently found. Lucy has stated, for example, that at 
Daylesford, about 400 feet above sea-level, more than half the 
gravel is of flint. At. Aston Magna (about 400 feet O.D.), near 
Moreton, Gavey found in a thick unstratified deposit of clay, sand, 
and gravel, blocks of hard chalk, with very large flints, not 
waterworn, and retaining their original white coating uninjured.* 

At Paxford, nearly 500 feet above sea-level, in the same locality, 
Lucy saw, exposed in a field, 4 feet of Boulder-Clay containing 
flint, quartzose (quartzite) pebbles, Lias, greenstone, Millstone Grit, 
and Charnwood syenite.’ He has recorded alsomuch Carboniferous 
detritus—limestone, grit, and sandstone, on the Evenlode watershed, 
or carried over it into the basin of the latter, an observation of 
considerable importance which I can personally confirm. 

The association in the same deposit of Carboniferous and Triassic 
detritus from the north, with hard chalk, grey flint, and red 
chalk from the north-east, seems to me conclusive as to its Glacial 
origin.© The occurrence of red chalk is especially interesting. It 
cannot be very rare, as it was noticed. both by Buckland and Lucy, 
while Mr. Rastall and I found two or three pieces at one spot. 

Only two explanations of the origin of the Evenlode Drift seem 
possible. Hither the margin of the ice-sheet at the time of 
maximum glaciation reached to the neighbourhood of Evesham, 
a tongue of it being forced up the valley of the Stour to the 
. Moreton plateau, as Mr. H. B. Woodward has suggested, and as 
I am inclined to think; or the overflow from a Glacial lake, then 
filling a part of the basin of the Avon, carried Bunter pebbles 
and Lincolnshire flint towards the south. 


I see no reason for doubting that the flints found in the hill- 
gravels near Oxford and to the north of that place, as at Long 
Hanborough, were derived from the same source as the Glacial 
drift of the Stour-Evenlode watershed. The gravels at Long 
Hanborough are mainly Jurassic ; the flint-pebbles found in them 
may equally have been brought from the Jurassic region to the 
north. Similarly, the flint- and quartzite-pebbles which occur 


1 Rep. Brit. Assoc. 1874 (Belfast) p. 198. 

2 Geol. Mag. 1897, p. 485. 

% Proc. Cottesw. Nat. F.-C. vol. vy (1869-72) p. 102. This flint is of the 
Lincolnshire type. 

4 Quart. Journ. Geol. Soc. vol. ix (1853) p. 35. 

5 Proc. Cottesw. Nat. F.-C. vol. v (1869-72) p. 100. 

6 The red chalk must have come from the Wolds, as did, I believe, the hard 
white chalk and grey flint associated with it. ‘The last two occur everywhere 
and in reat abundance in the Chalky Boulder-Clay of the Midlands. 
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in the Oxford gravels would have travelled together from the same 
direction. 

When we reach the neighbourhood of Goring and the Chalk- 
escarpment, the case is different. There the gravels contain much 
flint, subangular or little worn, and having a recent appearance 
when broken, which is clearly of local origin. With it, however, 
and the abundant Bunter Drift, are found, as at Oxford, worn and 
travelled flint-pebbles, sometimes partly decomposed, derived from 
an older deposit.’ They are generally stained, inside and out, 
brown or greyish, having been worn and discoloured previously to 
their introduction into the gravels, often whitish in colour, in 
which they occur; most of these, 1 believe, may have come from 
the Glacial Drift. 


The Origin of the suggested Lake Oxford. 


Prestwich considered the occurrence of Triassic pebbles the 
special feature by which Glacial gravels were to be distinguished, 
and he consequently held that those capping the hills west of 
Oxford, and above the Goring gorge, were of Pleistocene age.” 

I have stated the evidence in favour of this view at some length, 
because it is really the crucial point of the enquiry, our opinion as 
to the date at which the gorge was excavated depending on it. 


There seems to be little doubt that the gravels occurring above 
and on either side of the gorge are of similar age to those of the 
hills near Oxford which, as already shown, can be traced to the 
Evenlode, and thence to the Glacial deposits of Warwickshire. 

Mr. H. J. Osborne White says, for example, that the Tertiary 
outlier at Upper Basildon, west of the gorge, 466 feet O.D., is capped 
by Glacial gravels of an unequivocal kind,* such deposits being also 
found to the east of it over an area the northern boundary of which 
more or less clesely corresponds with the 500-foot contour, and the 
southern with the Thames.* I have marked the distribution of 
these higher-level gravels on the map (Pl. XXXIV) from particulars 
given in his paper. Gravels of a more or less similar character 
occur also at various levels, as well-marked plateaux or terraces 
which, as before stated, connect themselves with the valley-deposits 
of the present river.’ 

It may be noticed that plateau-gravels do not always occur on 
the highest slopes of the great breach in the Chalk-escarpment of 
which the Goring gorge forms the lower part; an overflow 
unattended by the deposition of gravel might have taken place 
in the first instance, however, at the higher elevation—such 


1 See also A. M. Bell, Quart. Journ. Geol. Soc. vol. lx (1904) p. 129. 

? Quart. Journ. Geol. Soc. vol. xlvi (1890) p. 150. 

3 Proc. Geol. Assoc. vol. xiv (1895-96) p. 22. 

4 Ibid. p. 16. 

5 Bunter pebbles occur also in places farther to the eastward. I have not 
attempted to show these on the map, as they seem to have no immediate 
bearing on the question now discussed, namely, the age of Goring Gap. 
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deposits accumulating near the margin of the stream when it began 
to cut itself down to a lower level. 


Applying Prof. P. F. Kendall’s hypothesis to the Oxford region, 
we shall find that it offers a possible explanation of the facts. 

It does not appear that the Cretaceous and Jurassic escarpments 
differed materially, either in form or in position, in Pleistocene 
times. The general features of the Triassic and Jurassic plains 
had been then sketched out, initiating and directing the move- 
ments of the ice, although erosion must have taken place locally 
during the advance of the latter, and subsequently, when it melted. 
Glacial deposits are constantly found within the valleys, extending 
to the level of the alluvium, or below it, as well as mantling 
the slopes of the hills, and bedded up to and against the face of the 
escarpments. 

The distribution of the Chalky Boulder-Clay, to be discussed 
more fully later on, shows that the advance of the great Hastern 
Glacier from the north-east, extending from the Northampton 
Uplands to the East Anglian ridge (see map), must have arrested 
any drainage then flowing towards the Wash, the ice having been too 
thick, I consider, to have permitted an outfall in that direction. 
On the view here taken, a lake would have come into existence, 
its overflow possibly taking place at first through the Newport 
valley into that of the Stort, or by the Hitchin valley into the 
Lea." The forward movement of the ice may have been too 
rapid at that time to allow of the excavation of gorges in this 
area like that of Goring. 

When eventually the ice reached Buckingham, such channels 
would have been closed, the suggested overflow taking place farther 
to the south-west. 

The valley of the primeval Thames (or Isis), then, I submit, 
leading to the Wash, would have been the first part of the Oxford 
plain to assume lacustrine conditions; but, unless the Corallian 
escarpment, before mentioned, had been already broken up into 
isolated hills as it now is, gaps would have been formed in it 
by the diversion of the drainage towards the south, one of 
them coinciding with the north-and-south valley in which Oxford 
stands. Hither the Triassic gravels capping the hills west of that 
city mark the approximate level of the Oxford plain during the 
Glacial Period, which seems to me improbable, or they indicate 
the height at which water first crossed the Corallian escarp- 
ment, just as the plateau-gravels near Goring may represent an 
early overflow of the Chilterns.* Sooner or later an escape from 


' Some of the brickearths of the Hitchin Valley may possibly be of lacustrine 
origin. 

: A aamee that lacustrine conditions obtained in this region in Glacia 
times, the lake would have been frozen over in winter, possibly to a consider- 
able depth. Gravel might therefore have been carricd over the ice across the 
Oxford plain to the Corallian escarpment, or the Goring gap, and deposited at 
a high level by floods descending from the Cotteswolds in spring before the 
lake-ice had disappeared. 
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Lake Oxford would have taken place over the latter, possibly at 
first by one of the narrow, sharply-cut valleys, which connect, 
over a low col, the Oxford plain with the basin of the Thames. 
The position of Goring Gap, however, nearer to the points at which 
_ the northern affluents of the Thames (or Isis) enter the Oxford 
plain would have enabled it to secure the larger share of the 
effluent water, favouring the more rapid erosion of a gorge in 
that locality. When the latter had been cut down to a level 
of about 400 feet O.D., escape through the other channels would 
have ceased.’ 

Prof. J. W. Gregory has drawn attention to the trenches above 
referred to in a well-known paper, attributing them, however, to 
the action of rivers at a time when the Chalk-escarpment extended 
farther north-westward.* ‘Their modern appearance, and more or 
less rectilinear channels, seem to me opposed to that view. If, 
moreover, it can be shown that the great valley of the Thames at 
Goring is not pre-Glacial, it seems unlikely that these relatively 
unimportant gorges are so. 


Some observations made by Mr. Pocock seem to me to be in favour 
of the view that lacustrine conditions formerly obtained in the Oxford 
region. He traced some terrace-gravels, occurring at isolated 
positions near the tops of the lower elevations bordering the north 
side of the plain, being most strongly marked where the affluents 
of the Thames (the Windrush, the Evenlode, and the Cherwell) 
epen into it. These gravels maintain, he says, a unifcrm elevation 
of about 290 feet O.D.; from 70 to 100 feet above the existing 
flood-level. They do not descend as they are traced down-stream 
in the main valley, although they rise as they are followed upward 
along the lateral streams. He regards them as delta-gravels of the 
tributaries, rather than as deposits of the main river.* I think 
that they may be deltas; but their uniform height seems to indicate 
they may have originated under lacustrine as well as under fluviatile 
conditions. 

Mr. Osborne White, moreover, has called my attention to some 
flint-gravel terraces, banked up against the north-western face of 
the Chalk-escarpment, extending more or less continuously from the 
neighbourhood of Ipsden to Brightwell, the position of which he 
has kindly marked on the map (Pl. XXXIV). They occupy for the 
most part a strip of land between the contours of 300 and 400 feet, 
being found in a few places, however, at a higher as well as at a 
lower level. They can hardly represent the course of a former river 
or a succession of river-terraces. The flint-drift of which they are 
composed is mainly of local origin caused, as Mr. White thinks, by 
torrents running down the combes of the escarpment. These gravels 
seem to me similarly to indicate the littoral accumulations of a lake, 


* Lake Oxford must have derived a vast amount of water, especially in 
summer, from the melting of the great ice-sheet, the termination of which lay 
near at hand. 

2 ‘Natural Science’ vol. v (1894) p. 101. 

* ‘Summary of Progress of the Geological Survey for 1904’ 1905, p. 21. 
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the level of which was being gradually reduced in accordance with 
the deepening of its overflow-channel. * 

Prof. Kendall speaks of exposures of well-bedded dirty gravel, 
and of rubble of angular and rounded fragments of local rock, 
resting against the hillsides in the Cleveland area.? Such a 
description would apply to some of the terrace-deposits of the region 
here discussed. 


Mr. Fox-Strangways’s remarks as to the Vale of Pickering (quoted 
by Prof. Kendall) * may be applied, not inappropriately I think, to 
the Oxford plain and the gravels mentioned by Mr. Pocock, as well 
as to those of the Ipsden-Brightwell terrace. He says :— 

‘If this latter valley [the Vale of Pickering] was a lake for any length of 
time there should be some proof of a shore-line, either in the form of gravels or 
terraces, along its margin. Although these have been mostly swept away by 
subsequent denudation, there is still some evidence of their former existence. 
The most marked terrace at the present time is that on the north side of the 
valley at Hutton Bushel, the level of which is a little more than 200 feet above 
the sea...... Below this there are two minor terraces, not so well marked, 
at about the 100- and 140-feet contour, which probably denote periods during 
which the denudation of the Malton gorge was for a time checked. Besides this 
there are no distinctly marked terraces, but there is a considerable amount of 
gravel here and there, all of which is below the 250-feet contour.’ * 

These facts may be fairly compared with the gravel-terrace at 
Long Hanborough, near the mouth of the Evenlode valley, and 
those described by Mr. Pocock at a lower level near Hynsham. 
They seem more probably to represent a delta, an accumulation of 
material brought down by river-action at or near the point where 
the current is arrested when entering a body of standing water, 
than cones of dejection. 

Mr. H. B. Woodward has informed me that there are extensive 
and level tracts near Horsepath, to the south-west of Oxford, which 
Mr. Pocock was inclined to regard as largely alluvial. The ground 
rises to heights of 220 to 250 feet above Ordnance-datum, and is for 
the most part above present flood-levels. Such facts seem to me to 
support the view that lacustrine conditions may have formerly 
obtained in this district. In many places the Oxford plain is 
remarkably smooth, almost as if it had been artificially levelled. 
This may have been due to the deposition of alluvium representing 
a late stage in the history of the suggested lake. 

Prof. Phillips suggested, in 1871, that lacustrine conditions may 
formerly have obtained in the valley of the Ock, and near Kynsham, 
Oxtord, and Abingdon®; and Mr. A. M. Bell has described a bed of 


' The question of the age of these gravels is of considerable importance, as 
Paleolithic implements and remains of the mammoth have been found in 
them, see J. Prestwich, Quart. Journ. Geol. Soc. vol. xlviii (1892) p. 313. If 
they are Glacial, as I suppose, it would support the view that men lived in 
Britain during the existence of the ice-sheet. 

? Quart. Journ. Geol. Soc. vol. lviii (1902) p. 474. 

° Leicester Lit. & Phil. Soc. n. s. vol. iii (1894) p. 339. 

4 It should be stated that Prof. Kendall explains the origin of the Hutton- 
Bushel gravels in another way. His explanation would not be applicable, 
however, to those of the Oxford plain. 

° “Geology of Oxford & the Valley of the Thames’ 1871, p. 462. 


* 
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laminated lake-clay, 15 feet thick, at Wolvercote, on the summit 
of the ridge, north of Oxford, which separates the Thames and the 
Cherwell... Mr. F. Raw writes me, moreover, that he has met with 
a bed of what he believes to be lacustrine clay, at the top of a 
Portland-Sand quarry on Shotover Hill, overlooking Headington, at 
an elevation of about 450 feet above sea-level. The clay was 
unstratified, and of a light-grey or ochreous colour. 


Tracing still further the resemblance of the Oxford area to those 
of Shrewsbury or Bristol, we find conditions of lake-cum-gorge 
reproduced in the former ona smaller scale near Islip, Eynsham, 
Cuddesdon, and Ifiley. 

Gravels similar to those of the high land above Goring containing 
(together with local flint) Triassic as well as derivative flint-pebbles 
occur also, terrace fashion, at a lower level within the gorge, as at 
Pangbourne, and notably farther down-stream on the island-like 
area of Tilehurst, in which Bunter pebbles are extremely common. 
These may represent a stage in the erosion of the Oxford plain and 
its outlet later than that of the hill-deposits before mentioned. 

The Tilehurst gravels, resembling those at Long Hanborough 
and elsewhere, described by Mr. Pocock, as well as those along the 
northern margin of Lake Pickering mentioned by Prof. Kendall, 
may possibly be like them of deltaic origin, originating at a time 
when the great basin of the Thames formed a lake, held up by the 
North-Sea ice.* The theory that such a lake may have existed at 
some stage of the Giacial Period is not new’; but it seems to me not 
improbable, and deserves consideration in connexion with the study 
of the suggested Lake Oxford and its outlet. 


The more important part of the evidence for the suggested Lake 
Oxford may be summarized as follows :— 

The features of the Oxford region so closely resemble those of the 
Vale of Pickering as to suggest that they originated in a similar way. 

In both cases the drainage seems to me to have flowed eastwards 
in pre-Glacial times—that of the Pickering valley into the North 
Sea, and that of the Oxford plain into the basin of the Ouse through 
the Buckingham valley, now partly filled with Glacial Drift, but 
then considerably wider and deeper than it is at present. 

That the Goring gorge was not in existence in pre-Glacial times 
is shown by the occurrence in its immediate vicinity of high-level 
gravels regarded by Prestwich, and later by Messrs. Monckton, 
Herries, Gregory, Osborne White, and others, as well as by myself, 
as of Glacial age. On the contrary, the escarpments and the 
Jurassic plain separating them seem to have originated at an 
earlier period. 


1 Quart. Journ. Geol. Soc. vol. Ix (1904) p. 120. 

? It seems to me worthy of notice that no Triassic Drift occurs in the 
southern part of the Thames basin, or south of a line drawn from Tilehurst to 
Maidenhead ; see H. W. Monckton, Quart. Journ. Geol. Soc. vol. xlix (1893) 
p. 308. 

3 See H. Hicks, Quart. Journ. Geol. Soe. vol. xlviii (1892) p. 46. 
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Lake Pickering was caused by the obstruction of the pre-Glacial 
drainage by the North-Sea ice, the level of the water rising until an 
outlet across higher land was established through the Malton gorge 
into the Vale of York. In like manner, on ‘he view here taken, 
the advance of the Chalky Boulder-Clay glacier to Buckingham and 
beyond must have impounded the drainage of the Oxford plain, 
causing an accumulation of water which eventually escaped across 
the Chiltern Hills into the basin of the Lower Thames, at first 
possibly at more than one point: finally the whole of it passing 
to the south through the Goring gap. 

Both of the valleys mentioned are of a comparatively recent 
character ; they have been excavated across ridges of high land 
transversely to the alignment of the latter and to what may have 
been the original direction of the drainage, and they have been cut 
down to the level of the plains on either side of the hills which they 
intersect. 


IX. Tae Pretstocenr ERosion. 


It would be instructive to study earefully and in detail the 
physiography of this region, ‘The first thing that strikes one 
is that it has been subjected to abnormal erosion, many of the 
valleys being remarkably straight, as if cut by a considerable volume 
of swiftly-running water. ‘The Ordnance-Survey map shows the 
100-foot contours only ; but, if they were given for each 25 feet, as 
in some other parts of England, the erosion would be still more 
apparent. The valleys and gorges by which the district is ravined 
are all of the same type, although a few of them cut through the 
crest of the escarpment and the Tenor do not. They must have 
originated, I think, more or less contemporaneously, under meteoro- 
oo conditions of great intensity. 

Prestwich’s remarks as to another region (Quart. Journ. Geol. 
Soe. vol. xlvi, 1890, p. 169) which he says was exposed to 


‘the heavy rainfall, snow, and ice of the Pre-Glacial and Glacial Periods, when 
torrents scored the flanks of the hills, and carried down the harder débris to 
the lower grounds at their base,’ 


may be justly applied also to this district. 


Dealing with the denudation of the Chalk-range as a whole, 
we may notice a marked difference between those portions which 
were covered by the ice-sheet, and those beyond its farthest 
extension. The erest of the shite Horse and Chiltern escarp- 
ments, except for the great gap at Goring and the trench-like 
valleys before mentioned, is continuous and unbroken, presenting 
an exceedingly steep face towards the lower ground on the north- 
west, while the valley-denudation to whieh the dip- -slopes have 
been subject is phenomenal. Beyond Dunstable, and thence to 


1 Evidence of similar denudation oceurs near Salisbury ; see Pl. XXXII. . 


Vok "G3. ORIGIN OF CERTAIN CANON-LIKE VALLEYS. 507 


the Wash, the escarpment is broken up and the Fenward slope is 
more gradual; north-east of Dunstable its elevation suddenly falls. 
‘something like 200 feet, its face being out of line, as if eaten 
back by erosion. While, however, the surface of this region has 
been disturbed by the overriding ice, it has been protected from the 
denudation which has affected the non-glaciated area, the erosion of 
the one representing, I believe, the glaciation of the other. 

It seems to me probable that the denudation by which the one 
part of the escarpment is distinguished from the other took place 
during the Pleistocene Epoch, under meteorological conditions very 
different from those which now obtain in Great Britain. 

At present the abnormal valley-erosion and the accumulation of 
gravel contemporaneous with it, and characteristic, I think, of the 
Pleistocene Epoch, not only in this country but abroad, have to 
a large extent ceased.» During the recent period such phenomena 
appear to have been on a comparatively insignificant scale.’ Much 
of the area in question, once furrowed by torrents of swiftly- 
running water, is now dry, and even where streams exist in the 
lower parts of the valleys they are of an unimportant character. 


It seems to me possible that the conditions to which such 
phenomena were due may not only have been coeval with the 
existence of the ice-sheets, but have been also caused by them. 
The extension of an immense and permanent body of ice, during 
summer and winter alike, so far south as lat. 50° N. in Europe, 
and 30° N. in North America, must have set up meteorological 
disturbances of a far-reaching character. This subject, however, 
cannot be pursued further in the present paper. 


X. Tut Coatxy BounpEr-CLay AND THE CHALK-EsScARPMENT. 


Prof. J. W. Gregory, in the paper before mentioned, has adopted. 
the view that the Chalk-escarpment was in existence before the 
advance of the ice, the hills rising above the level of the latter. 

The ice-sheet split, he thinks, into two parts, the one keeping to 
the south of the Chalk-ridge as far as St. Albans, Hendon, and 
Finchley, the other flowing along the foot of the escarpment past 
Hitchin and Dunstable, whence it trended to the north-west towards 
Leckhampstead.* He believes, however, that the plateau-gravels 
are older than the Boulder-Clay, a prolonged period of denudation 
separating them ; correlating the former (other than the so-called 


* The obsequent valleys now filled with Drift at Hitchin and Newport, 
referred to on p. 494, represent a pre-Glacial denudation of the Chalk- 
escarpment, and (with other facts) attest the pre-Glacial age of the latter. 

2 L use the term Pleistocene to include, not only beds originating during 
the great extension of the ice-sheets, but some, formerly described as post- 
Glacial, which were deposited while they were gradually disappearing. 

° In some parts of East Anglia there has been but little erosion since Glacial 
times. 

4 «Natural Science’ vol. v (1894) p. 103. 


508 MR. F. W. HARMER ON. THE [Nov. 1907, 


‘ Westleton Beds’) with those grouped as Glacial and _ coloured 
pink on the Geological-Survey maps of the East of England. The 
breaching of the Chalk-escarpment, with the erosion of the series 
of north-west to south-east valleys trenching it, including the 
Goring candn, took place, he thinks, between the formation of 
these gravels and the advance of the ice-sheet—the face of the 
escarpment then extending farther to the north-west. 

As I do not wholly agree with Prof. Gregory’s premises, and 
as my general explanation of the facts differs from his, it may be 
desirable to state shortly my own views on the glaciation of the 
district in question. 


Dealing with the subject as a whole, I do not think it possible 
to separate the Glacial gravels from the Boulder-Clay; I believe 
that they originated more or less contemporaneously. 

During the advance of the ice-sheet, streams of water issued 
from its front, causing local deposition of fluvio-glacial sand or 
gravel, much of it being destroyed by the advancing ice; but, as the 
thickness and erosive power of the latter decreased, it moved over 
a cushion of Boulder-Clay, part of a mudbank which it was pushing 
before it, the underlying gravels being thus protected from dis- 
turbance.'! Near the farthest extension of the ice-sheet and beyond 
the point to which Boulder-Clay was carried, masses of coarse 
morainic or fluvio-glacial gravel accumulated, as in the neighbour- 
hood of Buckingham.* Similar gravels, the ‘Cannon-shot’ deposits 
of Kast Anglia, were deposited sporadically during its retreat. 

Generally, such gravels are found overlying the Chalky Boulder- 
Clay, but they sometimes occur beneath it, always containing 
detritus similar to that of the Boulder-Clay associated with them. 
The gravel of one place may be, therefore, of the same age as the 
Boulder-Clay of another. Although doubtless representing a period 
of many thousand years, these deposits belong, I consider, to one 
series of events, that intervening between the advance and the 
retreat of the ice. The material of both gravel and Boulder-Clay 
came from the same sources, and presumably during the same 
period. 


The distribution of the Chalky Boulder-Clay and the fluvio- 
glacial gravels is shown on the map (Pl. XXXIV). 

It appears that a branch of the great Eastern Glacier, that 
to which the Chalky Boulder-Clay was due, moved up from the 
Fenland in a mighty stream, 40 miles in width, which not only 
filled the basins of the Welland, the Nene, and the Ouse to the 
brim and overflowed the higher ground separating them, but heaped 
up its terminal moraine on the amphitheatre of low hills forming 
the south-western boundary of the region. 


1 Prof. Chamberlin says that this is what is takimg place in Greenland, Bull. 
Geol. Soc, Am. vol. vi (1895) p. 214. See also 8. V. Wood, Jun., Quart. Journ. 
Geol. Soc. vol. xxxvi (1888) p. 487. : 

2 See the illustrations in A. H. Green’s ‘Geology of the Country around 
Banbury, &c.’ 1864, Mem. Geol. Surv. Sheet 45, figs. 12-15. 
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Lateral ice-streams seem to have been forced up the pre-Glacial 
valleys before mentioned near Hitchin and Newport; it was by 
one or other of these routes, | think, that Chalky Boulder-Clay 
containing Oxfordian débris was carried to St. Albans and 
Finchley. The Boulder-Clay which covers the dip-slopes of the 
Chalk-escarpment could not have been deposited by an ice-stream 
moving along its south-eastern margin, at right angles to the 
general direction of the gradient. It is clear, on the contrary, 
that the ice lay in sufficient thickness over the Fenland between 
Cambridge and Hitchin to overflow the whole of the Hast Anglian 
ridge; having done so, it travelled downhill into Essex. 


The Chalky Boulder-Clay of the Ouse basin is stiff and dark, its 
matrix being prevalently Oxfordian, it contains, however, much 
Oolitic detritus; that which sheets the south-eastern dip-slopes 
is, as a rule, of the chalky type, especially where the ice overflowed 
the higher parts of the escarpment, although its connexion with 
the Fenland Drift is shown by the widespread, yet less abundant 
presence in it of Oolitic material. Mr. H. B. Woodward found, 
moreover, at Barkway, near the summit of the Chalk-ridge, 
phosphatic nodules from the so-called ‘coprolite-bed’ at its base. 
He attributes the well-known disturbance of the strata at this 
place to the pressure of ice overflowing the escarpment, moving 
along shear-planes at a higher level than that which occupied 
the lower ground.” Where the ice moved south-eastwards from 
the Fenland or the Ouse basin through the transverse valleys 
of the Chalk-hills it carried with it more Jurassic material. Near 
Withersfield, 15 miles east-south-east of Cambridge, for example, 
the Boulder-Clay is as characteristically Kimeridgian as it is in 
Suffolk. 

Similar conditions occur in Lincolnshire. East of the Wolds, 
the Boulder-Clay, of North-Sea origin, is brown or purple; but when 
the watershed is passed it puts on abruptly, to the west of the 
latter, as before stated, an intensely chalky character. In both 
regions the ice which overflowed the Chalk-hills must have been 
comparatively clean, as Prof. Chea ane says that the upper part 
of the Greenland ice-sheet is? A few Scandinavian or doleritic 
erratics were carried over to the west of the Wolds from the 
North Sea, as Jurassic detritus was occasionally carried from the 
Fenland into Essex. 

Although the ice, mounting the slopes of the Chalk-hills, brought 
with it no appreciable amount of Oxfordian Boulder-Clay in the 
one case, or North-Sea Boulder-Clay in the other, as soon as it crossed 
the watershed it began to grind into and erode the Chalk-Rock, 


* Ice moved from the Fenland towards Leckhampstead, I believe, by the 
direct route, and not by way of Dunstable. 

2 Quart. Journ. Geol. Soc. vol. lix (1903) pp. 367-71. 

3 Bull. Geol. Soc. Am. vol. vi (1895) p. 205; see also P. F. Kendall, in 
G. F. Wright’s ‘Man & the Glacial Period’ Internat. Sci. Ser. 2nd ed. (1893) 
p. 166, 
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producing and carrying with, or driving before it, whea descending 
towards lower ground, great masses of marly drift.’ 


Prof. Gregory considers that the Berkshire portion of the 
escarpment, the White Horse Hills, took up its present position at 
an earlier period than that of the Chilterns, maintaining that 
while the latter is jagged and irregular, and breached in numerous 
places, the former is regular and unbroken. A study of the 
contour-map (Pl. XXXIV), however, does not seem altogether to 
support that view. It appears to me more probable that the forma- 
tion of both portions of the escarpment took place at the same time, 
the latter forming, as it does, a continuous line of hills, broken 
only by the trumpet-mouthed entrance to the gorge at Goring. 
There is one part of the Chiltern escarpment, moreover, north-east 
of Goring, which presents a continuous front for about 10 miles, 
resembling that of the White Horse Hills on the south-west. In 
both cases the unbroken character of the crest coincides with 
its greatest elevation: any overflow from Lake Oxford, and the 
consequent breaching of the escarpment, would have taken place 
near the lowest points of the range. 


XI. GENERAL ConsIDERATIONS. 


An obvious, but not, I think, an insuperable objection to the 
views here taken presents itself. Features nearly resembling those 
of the regions discussed are to be found also in the Wealden area, 
and it is not easy, prumd facie, to understand that they could have 
arisen under the same conditions. Although much has been 
written on the Pleistocene history of the Weald and of the Thames 
Valley, I question whether the last word has been said. It is not 
possible to deal with this apparent difficulty on the present occasion, 
but I hope to do so hereafter. ree 


When commencing this investigation, to which my attention was 
called accidentally, I had no thought of coming into conflict with 
the fascinating and universally accepted views of Prof. W. M. Davis 
on the erosion of this part of Central England. It seems to me, 
however, that the relation of the present valle -system of the 
region in question to that of some former perio(,,. when a pene- 
plain may have extended over the Jurassic and Cretaceous forma- 
tions alike, and consequent rivers ran out to sea in the direction 
of the dip, is remote and,not easy to trace. 

With the single exception of the gorge at ¢ ring, as to the 
origin of which "T offer an alternative explanati; 1, no connexion 
whatever exists between the drainage-systems ar ’ the topography 
of the Jurassic and Cretaceous ridges; nor does'a vestige remain 
of any peneplain, which, at some unknown height above the 
present surface of the land, may have once united them. 


1 T have indicated on the map the distribution of the different LIM of 
Boulder-Clay. 
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Pl. XXXYV illustrates the profile of the country and of the 
dip-slope streams from the crest of the Jurassic escarpment to 
the Thames Valley, starting from two points, one on the east of 
the Cherwell, and the other on the west. Both sections cross the 
. Oxford plain, the first following the Vale of Aylesbury, the other 
intersecting one of the Corallian hills east of Oxford. The 
Cherwell takes its rise on a wind-gap about 200 feet below the 
summit of the escarpment, from which also a small obsequent 
rivulet finds its way northwards to the Avon.' 

Another section, from the basin of the Avon to that of the 
Thames, shows the Moreton watershed and the profiles of the 
valleys which descend from it. That of the Stour, a pre-Glacial 
and obsequent stream of the Cotteswold region, closely resembles 
the Hitchin valley in the Chalk-range (see map, Pl. XXXIV), 
while its neighbour, the Evenlode, corresponds to the Lea and its 
affluents. In each case the gradient of the consequent streams is 
conformable to that of the dip-slopes. 

Applying Prof. Davis’s hypothesis to the region traversed by 
these sections, however, let 1t be conceded, for the sake of argument, 
that a river may have once flowed from some point above the 
present summit of the Cotteswolds to the Chilterns. On that 
view, the two escarpments with the dip-slopes and the inter- 
vening lowland were carved, at some subsequent period, out of the 
peneplain, the distribution of the Glacial Drift indicating that this 
took place in pre-Glacial times: the profiles of the dip-slopes, 
however, have no obvious relation one to the other, or to what 
may have been the gradient of the suggested peneplain. 

On the contrary, the dip-slope valleys, conformable to the ex- 
isting contours, were eroded after the surface of the land had 
assumed its present form: their erosion having been separated 
from the penepla n-stage by a considerable and unbridged interval. 


The more important rivers of Central England are longitudinal, 
following the strike of the Triassic and softer Jurassic rocks, along 
~which the predominant erosion has taken place, the transverse 
drainage being subsidiary to that of the plains. 


1 Tt may be said’ t, on the view taken in this paper, the Cherwell should 
have turned sout! twards before joining its main river, as do the other 
Cotteswold stream ,hereas at present it points southwards to Oxford and 
Goring. The lowe part of its valley has been eroded, however, since the 
drainage began to fi v through Goring Gap, having been cut down to its 
existing level (betwee 200 and 300 feet above sea-level) part passw with the 
excavation of the gor; ‘The present course of the Lower Cherwell, therefore, 
does not necessarily 1) icate that of pre-Glacial times. The pre-Glacial Cher- 
well, however, may | 7e turned to the south-east, as, for example, in the 
neighbourhood of Ha1iuwick, flowing over the comparatively low ground of 
that district to the primeval Isis through some channel, now obscured by the 
Drift which the map of the Geological Survey shows to extend continuously 
from Buckingham to a point near that village, not far from the Cherwell 
Valley. It should be stated, moreover, that it was by the Evenlode route, 
rather than by that of the Cherwell, that the Triassic Drift was carried to 
Oxford and Goring. 
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In an insular country like England, the latter would have been 
trenched, I think, by longitudinal rivers, capturing the drainage ~ 
of the higher land and forcing a way out to sea, before any 
important transverse stream flowing from one escarpment to the 
other could have established itself. As soon as such a longitudinal 
river had come into existence, all communication between the 
drainage-systems of the regions on each side of it would have 
ceased. 

The breaching of the Chalk at the Wash, and at the gap 
separating the Wolds of Lincolnshire from those of Yorkshire, may 
have taken place at a more remote period; but the group of short 
gorge-like valleys of a Panama-Canal type discussed in this paper, 
few in number, and as to Central England unique in character, 
originated, I suggest, under different conditions, and at a com- 
paratively recent date. These valleys, crossing transversely ridges 
of high land, and cut down to the level of the plains which they 
connect, are associated with lake-like areas of depression, the 
original drainage of which must have been obstructed by the 
Glacial ice. 


I offer no apology for the somewhat speculative character of 
this paper. It is not the first time that the question of valley- 
- erosion has been so treated. Whether or not the views here taken 
be accepted, I trust that the enunciation of them may at least 
provoke further discussion. 

I cannot conclude without expressing my indebtedness to 
Messrs. J. Bartholomew & Co. for having kindly permitted me to 
make use of their admirable contour-maps. The value of the latter 
to students of geology or physiography has yet to be fully recognized. 

My thanks are also due to friends who have given me information 
and help in various ways, among whom I may especially mention. 
Mr. Rk. H. Rastall and Mr. H. J. Osborne White, who accompanied 
me in some of my excursions, Mr. H. B, Woodward, and Prof. P. F. 
Kendall. I desire, moreover, to acknowledge the kind way in 
which Mr. G. W. Lamplugh and his colleagues, Messrs. (ribson, 
Wedd, Sherlock, and Smith, placed at my disposal the information 
obtained during their survey of the district around Melton Mowbray. 


EXPLANATION OF PLATES XXXI-XXXV. 


Puate XXXI. 


Contour-map of a portion of the Cheshire Plain aad the surrounding district 
(showing also the gorge at Ironbridge and the great accumulation of erratic 
boulders near Wolverhampton), on the scale of 6 miles to the inch. 


1 This seems to be the special feature by which overflow-channels like those 
at Ironbridge or Goring differ from some other sharply-cut valleys, in other 
respects more or less resembling them. 
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Puatse XXXII. 


Contour-map of the Trowbridge Plain, showing the course of the Avon 
through the gorges at Bradford-on-Avon and Clifton to the estuary of the 
Severn, on the scale of 6 miles to the inch. 


Puate XXXIII. 


Contour-map of the Eastern Plain and the surrounding region, showing the 
general distribution of the Pleistocene deposits, on the scale of 6 miles to the 
inch. 

Puate XXXTYV. 


Contour-map of the Oxford Plain, with the Jurassic and Cretaceous escarp- 
ments and the surrounding region, on the scale of 6 miles to the inch. 


Puate XXXV. 


Sections from the west of the Jurassic escarpment, through the Vale of 
Aylesbury to the Chilterns and the Thames Valley ; from Edge Hill across the 


Oxford Plain to the Chilterns; and from the Valley of the Avon to that of the 


Thames, all on the (horizontal) scale of 5 miles to the inch. 


Discussion. 


Prof. W. W. Warts referred to the fact that the Severn system 
consisted of two distinct parts, each practically a complete river- 
basin, with mountain-, valley-, and plain-tracts, connected by the 
Tronbridge Gorge. This phenomenon had been explained by 
Prof. Lapworth (a short account having been published by the 
Geologists’ Association in 1898) by the theory that the Upper 
Severn and Vyrnwy had drained towards the Dee before Glacial 
tim®s, but had been, during the Glacial Period, diverted into a new 
track across the continuation of Wenlock Edge at Ironbridge. 
Prof. Lapworth had used this explanation to account for the re- 
juvenation of the tributaries which flow into the Severn below the 
Tronbridge Gap. The diversion of this great body of water into 
the small valleys originating on the dip-slope of Wenlock Edge, 
cut down one of them into an abrupt gorge, the steepness of which 
accentuated the cutting-power of the tributary streams in that part 


of Shropshire, Staffordshire, and Worcestershire. 


The Rev. E. C. Spicer said that the paper raised many points 
for discussion which could not be briefly dealt with. It was quite 
possible that the gravels of the Oxford region did not come through 
the Evenlode at all, but from another direction. If the Chiltern 
gaps were considered in relation to the valleys, they might both be 
found to have a common cause, and not to be necessarily due to 
overflow from an Oxford lake, for which there was not yet sufficient 
evidence. He considered the Witham to be simply a beheaded 
stream, and not the trail of an old lake-outlet, since the upper 
Trent made straight forthe Lincoln Gap. 

The AurHor said that he was much gratified to learn that, in 
Prof. Lapworth’s opinion, the erosion of the gorge at Ironbridge 
took place in Glacial times. The features of the isolated areas of 


depression and of their outlets, discussed in the present paper, so 
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closely resemble each other, even in small details, that the pre- 
sumption is that they originated in a similar way. One of the 
cases mentioned, that of the Pickering region, is admittedly of 
Glacial origin. It seemed to strengthen his contention as to the 
rest to find, on the high authority of Prof. Lapworth, that the 
Ironbridge Gorge is so regarded. 

Owing to the short time at his disposal, the Author had not been 
able to give more than an abridged summary of his paper. He hoped 
that, if Mr. Spicer had the opportunity of reading it in full, some of 
the difficulties suggested by him would disappear. He was unable, 
however, to accept Mr. Spicer’s explanation of the origin of the 
phenomenal denudation to which the Chiltern region had been 
subjected. That denudation was due, he believed, to abnormal 
meteorological conditions obtaining during the Pleistocene Epoch, 
wholly different from those of the present, caused by, as weli as 
contemporary with, the existence of the great European ice-sheet. 
Similar phenomena are to be met with in many parts of the 
Continent, south of the glaciated area. Bunter pebbles are not 
uncommon in the Chalky Boulder-Clay of the Ouse region. They 
came from the Pennines by way of the Fenland, and were 
carried south-westwards by the ice as far as Buckingham. Those 
found in the neighbourhood of Goring and on the hills near - 
Oxford, on the contrary, came principally from Staffordshire and, 
as shown by Buckland 80 years ago, by the Evenlode Valley, 
in the Drift of which, together with Cretaceous detritus from the 
Lincolnshire Wolds, they are exceedingly abundant. 

The Author believed that an overflow from the suggested ‘ Lake 
Oxford’ may have taken place in the first instance by more than 
one channel, as stated in his paper; but, owing to the greater 
volume of water flowing through it, the excavation of Goring Gap 
went on more rapidly, the latter finally capturing and retaining 
the whole of the drainage of the region. 
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Calton-Hill Vent(Derbyshire), 251-52. 
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Carbonaceous rocks in ‘Culm’ of W. 
Devon & N. Cornwall, 8-10. 

Carboniferous (Upper) of W. Devon 
& W. Cornwall, 1-28 figs. ; Carb. 
Limest. of Derbyshire, zoning in, 
242; toadstones in, 242 e¢ segg. & 
pls. xix—xxii (maps); Carb. Limest. 
unconformably overlain by Doult- 
ing Beds in Vallis Vale, &c., 400, 
401; views of same, 402-403. 

Carination in tests of brachiopods, 
338 et seg. & pl. xxiv. 

Castle Grant (Barbados), 332. 

Castleton (Derbyshire), Speedwell vent 
near, 250-51 ; tufae. limest. of Cave 
Dale near, 256. 

Catalogue of Librar Wo lls 

Cataract I. (Victoria Falls), rift in, 
188 & pl. x. 

Cave Dale (Derbyshire), tufac. limest. 
of, 256. 

Centenary of the Geological Society, 
ix, 1-li. 

Chablais Alps, sect. in, 298. 

Chaleedonic quartzite of Rhodesia, 
198-200. 

Chalk, maps showing sub-surface 
water-levelsin Herts, Wilts, Hants, 
& Dorset, 102 & pl. v; rate of ab- 
sorption of water by, 82, 83; in- 
fluence of pressure on flow of water 
in, 88, 89; (Upper), silicified wood 
from, lxxii; Rhynchonella-Cuviert 
Chalk, gneiss-boulder from, lxxv; 
Chalk-escarpment &Chalky Boulder- 
Clay, 507-10. 

Chalky Boulder-Clay of Lincolnshire 
and Midlands, 490-94; C. B.-C. & 
Chalk-escarpment, 507-10. 

Chee Dale (Derbyshire), lava of, 246. 


Sury. 


Chelston (Barbados), coral-rocks in © 


quarries at, 334. 
Chemical analyses, see Analyses. 
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Cheshire Plain (& Ironbridge Gorge), 
477-81 & pl. xxxi (map). 

Chesterblade (Somerset), Inf. Oolite, 
&e. of, 395. 

Cheylinch (Somerset), Inf.-Oolite se- 
quence between Doulting and, 396. 

Chiltern Hills, sects. to ie Hill & 
to W. of Jurassic escarpment, 
pl. xxxv. 

Chimborazo (Barbados), 332. 

Chirbury (Shropshire), see Marrington 
Dingle. 

Chiromystus Mawsoni, 187. 

Chobe R. (Rhodesia), rocks at con- 
fluence w. Zambezi, 193-94. 

Chonetes cf. hardrensis, 457 & pl. xxx. 

sp., 498-509 & pl. xxx. 

Cnurcnitn, G. C., obituary of, lx. 

Cineta, Hudesia, & the development of 
ribs, 338-43 & pl. xxiv. 

——- orbicularis, 339 & pl. xxiv. 

—— pernummus, nom. nov., 3842 & 
pl. xxiv. 

Cuarke, J. M., presents photograph 
of Dana monument, ]xxvi. 

Cleeve Hill (Gloucest.), Inf.-Oolite 
succession at, 386. _ 

Clifton (Bristol), gorge at, 483 ef seqq. 

Clovelly (Pevon), nodular limest. near, 
Wats pa Wah 1G. 

Clypeus-Grit equivalent in Bath- 
Doulting area, 386, 389 e¢ segg. ; in 
Rissingtons-Burford district, 438 e 
seqq. 

Coal-beds, suggested origin of, 282-93. 

Coal-Measure age (Middle) of highest 
Carb. of Devon & Cornwall, 17, 26, 
27; C.M. of Bristol area, marine 
fauna in, 445-69 w. sect. & pl. xxx 
(foss.). 

Coal-plants, xerophytie character of, 
& suggested origin of coal-beds, 

282-93. 

Coalpit Lane (W. Devon), 9, 16: 

Cockington Head (W. Devon), anti- 
cline near, 7; nodular beds near, 
15-16, 22. 

Codrington (Barbados), 334. 

Celacanthus elegans (2), 467. 

Collieries, observats. of Swansea earth- 
quake in, 358-69. 

Colombian (& Californian) earth- 
quakes of 1906, distances & intervals 
betw. first & second phases of, 345— 
47, 348-49. ~ 

Colpophyllia qyrosa fr. 
330-34, 

Columnar structure in Batoka Basalts, 
187. 

Comagmatie region = petrographical 
province, 69. 


Bridgetown, 
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Conglomerate, coarse ashy,in Silurian 
inlier of E. Mendips, 227-30 figs., 
233, 234 et segg., 238 & pl. xviii. 

‘Conglomerate-Bed’ (Upper Trigonia- 
Grit), 384, 390, 391 et segg.; dia- 
gram, to show its relat. to under- 
lying deposits in neighbourhood of 
Doulting, 392. 

Conset Point (Barbados), sects. of E. 
face, &e. fig. & deser., 320-24 ; sect. 
to My Lady’s Hill, 323. 

Constants, physical, changes wh. take 
place in minerals & igneous rocks 
on pxssage fr. crystalline to glassy 
state, 145-61 figs. 

Contact-metamorphism in S. Nigerian 
rocks, 313, 315. 

Contour-lines of sub-surface water 
defined, 101. 

Coprolites of fishes (Bristol Coal- 
Measures), 468. 

Coral-rocks of Barbados, 318-37 sects. 
& pl. xxiii (map & sect.) ; Plioc.— 
Pleistoc. age of, 337. 

Corallian (& Kimeridge Clay) of 
neighbourhood of Brill, 29-49 figs. 
& pl. i (mmicroscop. sects.). 

Cornborough Cliffs (W.Devon), 11,12. 

_ Cornute developmental stage (test- 
ornament of brachiopods), 339. 

Cornwail (N.) & W. Devon, Upper 
Carboniferous of, 1-28 figs. 

Coryrnpon, R. T., 202. 

Coste, see Ribs. 

CotteriLL, H. W. B., presents photogr. 
of Stigmaria, ii. 

Council, report of, vili-x ; Council & 
Officers elected, xxii—xxiii. 

Cracknowl Vent (Derbyshire), 261-62. 

Crane, The (Barbados), 319, 325. 

Cressbrook (Derbyshire), 244, 248, 
254-55. 

Cretaceous planation in §. Devon, 
112; Cret. of Bahia, & vertebrate 
foss. fr. same, 128-39 map & pls. 
vi—vili (foss.); Oret. of S. Nigeria, 
308, 313; Cretac. Drift. of Oxford 
area, 499-501 ; see also Chalk. 

Crich Hill (Derbyshire), lava of, 266. 

Crick, G. C., 24, 29-30. 

Crinoid-columnals fr. 
Measures, 456. 

Crocodilian vertebre (?) fr. Cretaceous 
of Bahia, 133, 189; see also Gonio- 
pholis. 

Cross R. (S. Nigeria), 511, 312, 313; 
dykes in basin of, 309. 

Cross Hands colliery (Glamorgan), 
effects of earthquakes in, 360. 

Crystalline rocks m S. Nigeria, 308, 
312, 313 et segg., 317; crystalline 


Bristol Coal- 
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state, changes of physical constants 
in minerals & igneous rocks on pas- 
sage fr. glassy state to, 145-61 figs. 

Cutis, C. G., 30. 

Culm of W. Devon & N. Cornwall, 
1-28 figs. 

Cunnineton, W., obituary of, lxvi- 
Ixyil. 

Currents, action of, in format. of 
Upper Carb. of W. Devon & N. 
Cornwall, 10. 

Current-bedding in Barbadian rocks, 
325 et seqq., 332, 333. 

Cuxton (Kent), gneiss-boulder fr. 
Chalk of, Ixxv. 

Cwmbran colliery (Glamorgan), earth- 
quake-sound in, 360. 
Cwmtyrch (Glamorgan), 

earthquake at, 352. 
‘ Cyanite-garnet-rock ’ fr. Boshof, vi. 
Cyprina cyreniformis (2), 43-45. 


reported 


Daison Hill (Devon), 106, 107; sect. 
through Yaddon Hill and, to base 
of Warberry Hill, 110. 

Dayna monument, photograph pre- 
sented, Ixxvi. 

DanteL-PipGeon fund, list of awards 
from, xxxiil, lxxvi. 

Daresbury Sandstone, influence of 
pressure on flow of water in, 87, 88. 

Davies, A. M., the Kimeridge Clay 
& Corallian Rocks of the Neighbour- 
hood of Brill (Buckinghamshire), 
29-47 figs. & pl. 1 (microscop. sects.). 

Davis, O. C. M., 231. 

Davis, W. M., elected For. Corresp., iv. 

Davison, C., the Swansea Harthquake 
of June 27th, 1906, 351-61 w. map 
& pl. xxv (map); the Ochil Earth- 
quakes of September 1900 to April 
1907, 362-74 w. maps & pl. xxvi 
(map). i 

Deexey, R. M., 252, 489. 

Deka & Deka R. (S. Africa), 173, 175, 
183 et segg., 212, 214; Deka Fault, 
176-82 figs. & pl. xvii. 

DemesTer, J.. 362. 

Density, suggested increase of, under 
ocean-basins, 350; sce also Specific 
gravities. 

De Raycez, C. E., obituary of, lxii— 
Ixili. 

Derbya senilis, 457. 

Derbyshire, toadstones of, their field- 
relations & petrography, 241-81 
sects. & pls. xix—xxil (maps). 

Desiceation, experimental, of various 
stones, 84. 

Devon (W.) & N. Cornwall, Upper 
Carboniferous of, 1-28 figs. 
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Diabases, artificial fusion of, 149 e¢ 
seqq. 

Diszey, G. E., exhibits gneiss-boulder 
fr. Cuxton Chalk, Ixxy. 

Dictyothyris subreticulata, 428-29. 

Dinosauria fr. Cretaceous of Bahia, 
152; see also Scleromochlus. 

Diorites, artificial fusion of, 149, 151 
et seqq. 

Diplodus gibbosus, 467. 

Diplomystus longicostatus, 137. 

Dips among the Batoka Basalts, 186, 
212. 

Dirt-Low Mine (Derbyshire), toad- 
stones seen in, 242-43; Dirt-Low 
Rake, 256. 

Dixon, H. H. L., 219. 

‘ Doggers,’ serpulitic, in Kimeridgian 
of Rid’s Hill, 34-35. 

Dolerites, artificial fusion of, 149, 151 
et segg.; dolerites of Batoka Gorge, 
&e., 207-11; intrusive, of Derby- 
shire, 271-78 & pls. xix, xxi (maps). 

Donors to Library, lists of, xiti-xvill. 

Dorset, map showing sub-surface 
water-levels in Chalk of (also Wilts 
& Hants), pl. v; correlat. of Bath- 
Doulting strata w. those of, 424-26. 

Doveuas, J. A., on Changes of Physical 
Constants which take place in cer- 
tain Minerals & Igneous Rocks, on 
the Passage from the Crystalline to 
the Glassy State; witha short Note 
on Eutectic Mixtures, 145-61 figs. 

Doulting-Bath district (Somerset), Inf. 
Oolite, &e., of, 883-436 figs. & pls. 
XXViUI-Xxix (foss.) ; 
same w. Inf. Ool. of Rissingtons- 
Burford district, 438-40. 

Doulting Stone, 388, 390 e¢ segg., 439 
et seqq. 

Dove-Holes tuff (Derbyshire), 253. 

Downhead (Mendips) lava or trap, 
222, 230, 232. 

Drainage, rejuvenated, region of, in 
Zambezi Basin, 168-69; drainage- 
systems & glacier-lakes, 470 e¢ seqq. 

Drift, Bunter & Cretaceous, of Oxford 
area, 497—501 ; seea/so Boulder-Clay. 

Drying, see Desiccation. 

Dryspauz, T. J. H., 362. 

Dukes’ Marl-hole (Barbados), calcare- 
ous rubbly-marls in, 328. 

Dundry Freestone in Bath-Doulting 
district, 387, 419, & table iii facing 
416. 

Dundry Hill (Somerset), correlat. of 
strata of Bath-Doulting district w. 
those of, 420-22; list of microzoa 
in Upper Coral-Bed of, 413-14. 
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Dunsley Mill (Derbyshire), vesicular 

_ lava at, 258. 

Dwyka-Conglomerate (?) horizon nr. 
Wankie, 176. 

Dykes, presumed, among Batoka Ba- 
salts, 185-86, 207; aplitic, in S. 
Nigeria, 315. 


Harth-movements, evidence of, in Carb. 
of W. Devon & N. Cornwall, 8. 

Earthquakes, constitut. of earth’s in- 
terior as revealed by (origin of 

’ oceans), 344-50; earthquakes, at 
Swansea, 351-61 w. map & pl. xxv 
(map), 374; in Ochil Hills, 362-74 
w. maps & pl. xxvi (map). 

Hast Langdon (Kent), silicified wood. 
fr. Upper Chalk of, xxi. 

Edge Hill (Warwick), sect. to Chiltern 
Hills, pl. xxxv. 

Eggesford type of Culm measures, 6, 
28 


Egypt, Prozeuglodon atrox fr. Middle 
Kocene of, vii. 

Ekankpa Ford (S. Nigeria), gneisses & 
schists near, 315, 316. 
Ekpri Ibami (S. Nigeria), staurolite 
found in stream-gravels near, 315. 
Election of Auditors, v ; of Fellows, 1, 
il, iv, v, vi-vii, lxx, Ixxi, lxxti, lxxi, 
lxxvi, lxxvii; of Officers & Council, 
Xxii-xxili; of Foreign Member, iv ; 
of Foreign Corresp., iv. 

Elevation, recent, on W. coast of S. 
America, 65 e¢ seqq. 

Elgin Sandstone, Scleromochlus Tay- 
lori from, 140-44 fig. 

Extot-Watton, H., 124. 

Elonichthys spp. (Br istol Coal-Mea- 
sures), 467, 468. 

Eary, P., obituary of, Ixix, 

Ember-Lane Vent (Derbyshire), 263- 
64. 

Enstatite in trap of H. Mendips, 232. 

Kocene (Middle), of Heypt, Prozeu- 
glodon atrox from, vii; Hoe, pla- 
nation in S. Devon, 112-14. 

Epicentral area of Swansea earth- 
quake, map of, 304. 

Equisetites broraensis, sp. nov., 378-79 
& pl. xxvii. 


—-— columnaris, 378 & pl. xxvii. 


' Erratics, acineanieaion of, betw. Wol- 


verhampton & Brid enorth, 479. 
Hscarpment-Grits (= “Wankie Series 
pars), \71, 174. 
Hstimates fon 1907, Xxxlv-xXXV. 
Hudesia, Cincia, & the development. 
of ribs, 338-43 & pl. xxiv. 
orbieulari is, 343 & pl. xxiv. 


Vol. 63.] 


EHuphemus Urei, 463. 

Eutectic mixtures, 158-60. 

Evans, O. H., Notes on the Raised 
Beaches of Taltal (Northern Chile), 
64-67. 

Ewen (8. Nigeria), staurolite found in 
stream-gravel near, 315. 

Exhall (Warwick), drift w..diorite- 
boulders at, 499. 

Exogyra virgula, zone of, at Rid’s Hill, 
31, 32. 


False bedding in coral-rocks of Bar- 
bados, 321 et seqq., 882, 

Farmcombe (Somerset), sects. at & 
near descr., 394-95. 

Faults originating Swansea  earth- 
quake, 360-61, 374; originating 
Ochil earthquakes, 373-74. 

Faulting in Upper Carboniferous of 
W. Devon & N. Cornwall, 6; (Deka 
Fault) in Zambezi Basin, 176-82 
figs. ; faulting in Carb. Limest., Kec. 
of Derbyshire, 246-47, 253 e¢ seqq. 

Frearnsipes, W. G., on the Lower 
Ordovician Succession in Seandi- 
navia [Zitle only], lxx. 

Fellows elected, i, iii, iv, v, vi—vii, lxx, 
lxxi, xxii ,lxxili, Ixxvi, lxxvil; names 
read out, Ixxvii; number of, viii, 
xix ; obituaries of, 1x—lxix. 

Felspars, artificial fusion of, 154 e 
seqg. 

Femie, restriction of term, 77. 

‘ Ferricrete’ of Zambezi Basin, 198, 
203, 204. 

Ferryside (Glamorgan), 
earthquakes at, 351, 352. 

Fin Cop (Derbyshire), lavas of, 247- 
48, 


reported 


Financial report, xxxiv—xl. 

Hlabellothyris flabellwin, 341 & pl. xxiv. 

Flax Bourton (Somerset:), former con- 
ditions of valley, 485. 

Fret, J. S., 235. 

Flexures, post-Eocene, in 8. Devon, 
114-15. 

Flow of sub-surface water, influence of 
pressure & porosity on, 80-105 figs. 
& pl. v (map). 

Fluder gravel (Devon), 116. 

Fluviatile deposits in the Batoka- 
Basalt area, 204-206. 

Folding in Upper Carboniferous of 
W. Devon & N. Cornwall, 6-7. 

Foliation, directions of, in Oban Hills, 
316. 

Foorp, A. H., [on Cephalopoda fr. 
Bristol Coal-Measures], 465. 

Foreign Correspondents, elected, iv ; 
list of, xxv. 
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Foreign Members elected, ivy; list of, 
XXIV. 

Sandstones (? = Boomka 
Flaggy Sandstone), 184, 195. 

Foss-Way Quarry (Somerset), sect. 
descr., 411. 

Fracture, base of zone of, defined, 85. 

Frames, M. E., exhibits specims. fr. 
Mombasa, &e., vi. 

Frienpsuip, W. H., 7. 

Frome area (Somerset), Inf. Oolite, 
&e. of, 897-406 figs. 

‘Fruchtschiefer’ of Oban Hills, 313, 
315. 

Fullers’ Earth in Bath-Doulting dis- 
trict, 386, 390 ez segg.; brachiopoda 
fr. same, 426-34 & pls. xxvili-xxix ; 
list of foss. fr. same, table vii facing 
436; F. HE. of Dundry Hill, 421-22; 
of Rissingtons-Burford district, 439 
et seqgq. 

Fundamental complex of Batoka- 
Gorge area, 171-73. 


Gabbro, artificial fusion of, 150, 151. 

Garantiane hemera, deposits of,= 
Upper Trigonia-Grit, 384, 386 e¢ 
seqq. 

Garnet-rock fr. Boshof, vi. 

Gastrioceras coronatum, 466 & pl. xxx. 

Listeri, 466. 

Gault, map showing outcrop of, in 
Herts & Wilts, 102. 

Gauter Point (Devon), plant-petrifac- 
tions in sandst. fr. HK. side of, 22 
fig. 

Gziniz, Sir Arcurpap, [addresses to 
medallists & recipients of awards], 
xli e¢ seqgg.; [on programme, &c. of 
Geol. Soc. Centenary], 1-li; [obitu- 
aries of deceased Fellows, &c.j, li- 
lxix. 

Geological-Survey maps presented, ii, 
Vi, Val, box, Ixxn, Ixoci,lbcxve iseva 
Ixxvii. ; 

Gingko digitata, 378, 3879-81 fig. & 
pl. xxvii. 

Glacial Period, condits. obtaining in 
Central England during, 471-75 ; 
Glacial lakes, see Lake-like. 

Glassy state, changes of physical 
constants in minerals & igneous 
rocks on passage fr. crystalline 
state to, 145-61 figs. 

Glauconitic character of Lr. Port- 
landian, 36. 

Glazing of rocks along river-beds, 
205. 

Globigerina-Marls of Barbados, 337. 

Glossopteris (2) in Wankie Series, 176. 

Glyphioceras carbonarium, 466, 


522 


Glyphioceras diadema (?), 465-66. 

ef. nitidum, 465 & pl. xxx. 

Gneiss-boulder fr. Cuxton Chalk, 
Ixxv; gneisses in 8. Nigeria, 312, 
3138 et seqg., 317. 

Golden Ridge (Barbados), 
coral-reefs at, 335. 

Crongobujo R. (Rhodesia), 204, 211. 

Gontatites sp., 466. 

Goniatite-nodules on W. Devon coast, 
16. 

Gontopholis crassidens, fr. Wealden 
Shales of Atherfield, 00-63 & pls. 
ii-iv. 

Hariti, 132-33 & pl. vi. 

stmus, fy. Purbeck limest. nr. 

Battle, 52-53; G. s. contrasted w. 

G. crassidens, 58-59, 61, 63. 

tenuidens, contrasted w. G. cras- 
sidens, 60. 

Gonye Falls (Zambezi R.), rocks at, 
194. 

GoopcHILD, J. G., 
Ixvi. 

Goring Gap & suggested Lake Ox- 
ford, 494-506 & pl. xxxiv (map). 
Grangemill Vents (Derbyshire), 262- 

63 


raised 


obituary of, lxy— 


Granites, artificial fusion of, 150, 151 ; 
granites in Zambezi Basin, 171-72; 
in S. Nigeria, 313. 

Granulitic dolerites of Batoka-Gorge 
area, 209-10. 

Great Hill (Devon), sect. throngh 
Mincent Hill nr. Barton from, 109. 

Greenacliff (Devon), 8, 11. 

Grune, R. P., obituary of, lxiii—lxiv. 


Greeory, J. W., [on Barbadian fossil 


corals |, 533-84. 
GrirritH, P., exhibits specims., 111 
GuEst, J., 29. 
Gwai R. (Zambezi Basin), 180. 
Gwemanzi R. (S. Africa), pebbles of 
granite, &e, in, 171, 172, 211. 


Hackleston’s Chiff (Barbados), 328. 

Haldon Gravel (Devon), age of, 113- 
14. 

Hamurine, J. G., 4. 

Hampshire, map showing sub-surface 
water-levels in Chalk of (alsu Wilts & 
Dorset), pl. v. 

Haplite, see Aplite. 

Harker, A., 235; award of Murchi- 
son Medal to, xlii—xliv. 

Harmer, F. W., on the Origin of 
certain Canon-like Valleys associ- 
ated with Lake-like Areas of De- 
pression, 470-513 figs. & pls. xxxi- 
xxxv (maps & sects.). 

Harris, G. ., obituary of, Ixvii—lxviii. 
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Harrison, J. B., the Coral-Rocks of 
Barbados, 318-37 sects. & pl. xxiii 
(map & sect.). 

Hartland Point (Peron): Upper Carb. 
of neighbourhood, 2, 5, 7, 16, 22; 
Hartland Quay, plant- petrifactions 
fr. cliffs betw. Blackpool Mill and, 
21 fig. 

Hartwell Clay, 31. 

Hareu, EF. H. jon volcanic rock- 
succession in 8. Africa], 215-16. 

Hawkridge Wood (Devon), 8. 

Hay Dale (Derbyshire), 255. 

Haynesfield Quarry (Barbados), coral- 
rocks in, 329, 330 fig. 

Henstow, Rev. G., on the Xerophytic 
Characters of certain Coal-Plants & 
a suggested Origin of Coal-Beds, 
282-90. — 

Herrins, R.8., 1x; retiring V.P., xxi. 

Hertfordshire, map showing outcrop 
of Gault & sub-surface water-con- 
tours in Chalk of, 102. 

Hesse, Geological-Survey map _ pre- 
sented, lxxi. 

High- -Peak Tavern (Der tyre) dole- 
rite of, 277. 

Hint, Rev. E., 304. 

Hinp, Dr. W., 4, 24. 

: History of ‘Ane. Geological Society,’ 


Mooney: R. W., on the Skull & greater 
portion of the Skeleton of “Gonio- 
pholis crassidens from the Wealden 
Shales of Atherfield (Isle of Wight), 
50-62 & pls. ii-iv. 

Hopton Vent (Derbyshire), 264-65. 

Hornblende-schists in 8. Nigeria, 313. 

Hornfels in 8. Nigeria, 313, 315. 

Horwoop, C. B., the Occurrence of 
Pseudomorphous Pebbles of Pyrites 
at the Crown-Reef Mine (Witwaters- 
rand) [dele only], lxx. 

Howr, J. A., 4, 11 e¢ seqq. 

Hueuns, G., presents photograph of 
sect. in Barbados, il. 

Huaeuss, T. McK., 50. 

Huish (Somerset), sect. descr., 406. 

Hutt, E., on the Geological Condi- 
tions which have contributed to the 
Success of the Artesian Boring for 
Water at Lincoln | ‘ttle only], iii. 

Homenreys, H., 107. 

Hungary, Geological-Survey maps 
presented, lxx. 


Husbands (Barbados), 333. 


Tble Sill (Derbyshire), 2 

Ibusa (8. Nigeria), 309. 

Tecomb Hill (Gloucest.), 487, 439. 
Ifon (S. Nigeria), 309. 
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Igneous rocks, artificial fusion of, 
145-53 fig.; see also Basalts, Dole- 
rites, Se. 

Inferior Oolite of Brora, flora of, 
375-82 fig. & pl. xxvii (foss.); Inf. 
Ool. & contiguous deposits of Bath- 
Doulting district, 383-436 figs., 
pls. xxvili-xxix (foss.) & tables vi- 
vii, facing 436 ; do. of district betw. 
Rissingtons & Burford, 437-44. 

Tjebu district (S. Nigeria), post-Cre- 
taceous stratigraphy of, 312; Ijebu 
Series, 309. 

Ikeritu (S. Nigeria), 511. 

Tkorofiong (8. Nigeria), 311. 

Ilha da Maré (Brazil), Cretaceous of, 
131. 

Instow (Devon), nodular beds in 
Upper Carb. of, 15, 19-20, 28. 

Interstices of a rock, experimental 
data on variation of pressure in, 
94-97. . 

Interstitial water, experimental data 
on porosity & flow of, 81-94 fig. 

Intervals betw. phases of earthquakes, 
345-50. 

Tronbridge (Shropshire), gorge at, 
471, 473 fig.; (& Cheshire Plain), 
477-81 & pl. xxxi (map), 513-14. 

Tsastrea-Bed, name suggested for 
Upper Coral-Bed, 387. 

‘ Tsland-hills,’ in Zambezi basin-plain, 
166. 

Ismenia Munieri, 541 & pl. xxiv. 

Murchisone, 341 & pl. xxiv. 

pectunculoides, 341 & pl. xxiv. 

Isoseismals of Swansea earthquakes, 
352-53 & pl. xxv (map). 

Itori (S. Nigeria), 312. 


Jack-in-Box Gully (Barbados), 335. 

Jervis, W. P., obituary of, Ixvi. 

Jet, Kimeridgian, 31 ; Cretaceous, nr. 
Bahia, 128-29. 

Jounstone, T. B., 362. 

Joints, &e. in the Batoka Basalts 
& their effects, 186-92 figs., 212. 
Jupp, J. W., communicates Miss 

Stopes’s paper, 375. 

Jughole Wood (Derbyshire), 260. 

Juxes-Browne, A. J., the Age & 
Origin of the Plateaux around 
Torquay, 106-21 figs. 

Jurassic escarpment, gaps in, at Lin- 
coln & Ancaster, 486-90 & pl. xxxili 
(map); see also Inferior Oolite, 
Kimeridge Clay, Sc. 


Kalahari Sand of Zambezi Basin, 
201-202. 
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Kalomo R. (Rhodesia), pebbles of 
granite, &c. in, 171-72, 213. 

Kalonga’s Cleft (Rhodesia), 187, 190- 
92 figs., 212, 213, & pl. xv. 

Karamba R. (Rhodesia), 187, 190-91 
figs., 212, & pl. xv. 

Katuna Valley (Rhodesia), 183. 

Kearney, J. M., 173, 176, 178. 

Kenpatt, P. F., 512. 

Kinston, R., 4. 

‘Kilmorie Hill’ (Devon), 106, 118. 

Kimberlite, oxidized, fr. Boshof, vi. 

Kimeridge Clay (& Corallian) of 
neighbourhood of Brill, 29-49 figs. 
& pl. i (microscop. sects. ). 

Kingskerswell (Devon), 116. 

‘ Kitchen-middens’ in N. Chile, 67. 

Kitcuin, F. L., 30, 46. 

Knivetonwood Vent (Derbyshire), 267. 

Knot Low (Derbyshire), structure of, 
245: 

Kukuruku Hills (S. Nigeria), erystal- 
line rocks of, 317. 

Kwa R. (Calabar), 311, 315, 


Labradorite, in titaniferous basalts of 
W. Mediterranean, 71; artificial 
fusion of, 154. 

Lady-Associates, proposed institution 
of, Ixxiii-lxxiv, lxxvi. 

Lake-like areas of depression, orig. of 
canon-like valleys assoc. with, 470- 
514 figs. & pls. xxxi-xxxv (maps & 
sects.). 

Lametuaen, G. W., 489, 512; exhibits 
specims. fr. Mombasa, &e., vi; re- 
ceives Bigsby medal for A. W. 
Rogers, xlv-xlvi; the Geology of 
the Zambezi Basin around the 
Batoka Gorge (Rhodesia), 162-214 
fies. & pls. x—xvil. 

Land-connexion betw. Old & New 
Worlds, former, 126-27. 

Landslips, dip of bed modified by, in 
Barbados, 324 e¢ segg., 328, 331, 337. 

Lawes; EH. M., 251. 

Lane, W. D., 414, & tables vi-vii, 
facing 436. 

Lateritic material in the Batoka- 
Basalt area, 170, 204. 

Lavas or traps in Silurian inlier of 
H. Mendips, 219-22, 230-32 ; lavas. 
in Miller’s-Dale area, 243-50; in 
Matlock area, 257-61; in Tissing- 
ton area, 270-71. 

Leeps, A. N., 133. 

Lriauton, T., obituary of, lxviii—lxix. 

Lekki Lagoon (8. Nigeria), 308. 

Lenticular developmental stage (test- 
ornament of brachiopods), 339 & 
pli xxiv, 


8) | 


« 


Lepidodendron Sternbergiion fractured 
surface of Stigmaria, il. 

Lepidotus Mawsoni, 137. 

LLepontine Alps, sect. across, 296. 

Leptolepid fish, fr. Wealden of South- 
water, exhibited, v. 

Leucite, artificial fusion of, 154. 

Level, changes of, on W. coast of S. 
America, 69 et seqq. 

Lias (Upper) in Doulting railway- 
cutting, 390; in Frome area, 399, 
405; hemerze of Liass. ammonites 
of Timsbury Sleight, 415; Lias of 
Rissingtons-Burford district, 437 
et seqq. 

Library & Museum Comuittee, report 
of, X-xll. 

Library, progress of card-catalogue, 
xii; list of donors to, xlii—xvill. 

Lignite Series of S. Nigeria, 308, 309, 
312. 

Linus, D. G., 3. 

Lima semipunctata (2), 45. 

Limestone, bands of impure, in Upper 
Carb. of W. Devon & N. Cornwall, 
11-13; bands of creamy, in Kime- 
ridgian of Rid’s Hill, 31, 32-33; 
“doggers’ of serpulitic, zbid., 34— 
35; superficial, in Zambezi Basin, 
202-204, 211, 218; tufaceous, in 
Carb. of Derbyshire, 245, 256. 

Lincoln, gap in Jurassic escarpment 
at, 486-90 & pl. xxxilil (map). 

Lincolnshire (& Midlands), Chalky 
Boulder-Clay of, 490-94. 

Lincombe-Warberry ridge (Devon), 
lly/alken 

Linpsay, W. H., 362. 

Lingula mytiloides, 456-57. 

Linyanti R. (Rhodesia), rocks at con- 
fluence w. Zambezi, 193-94. 

‘ Lit-par-lit’ injection, 513. 

Lithological (& physical) characters of 
Upper Carb. of W. Devon & N. 

. Cornwall, 4-8 fig. 

Little Island (Barbados), 332. 

Litton-Slack Fault (Derbyshire), 244. 

Litton tuff (Derbyshire), 254-55. 

Livingstone (Rhodesia), 199, 201. 

Llandeilo (Caermarthen), reported 
earthquake at, 351. 

Ulandovery (?) Beds in Silur. area of 
Devon, 227, 237; conditions of de- 
position of, 240. 

Liwynypia colliery (Glamorgan), ef- 
fects of earthquake at, 359, 361. 

Locust Hall (Barbados), 382. 

Logier Hill (Rhodesia), 203, 204. 

Long Bay (Barbados), 325. 

“Losa’ of 8. American coast, described, 


66-67. 
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Lossiemouth (Hlgin), Scleromochlus 
Taylort from, 140-44 fig. & pl. ix. 
Low Farm (Derbyshire), tuff, &. of, 

265 ; olivine-basalt of, 277. 

Lowe, H. J., Petrological Notes on 
the Igneous Rocks lying to the 
south-east of Dartmoor [title only], 
Ixxv. 

Loxonema ashtonense, sp. noy., 464 & 
joe Boo 

—- cf. scalaroideum, 464 & pl. xxx. 

Lukunguli R. (Rhodesia), 208, 212 ; 
identified w. Jambezi & ‘ Myatam- 
besi,’ 196. 

Lummaton Hill (Devon), 109. 

Lydite-bed (Portlandian), 31. 

Lyziit medallists, list of, xxx; geolo- 
gical fund, list of awards from, 
EI: 


MacPurrson, W., 446. 

Macrocheilus cf. ventricosus, 463-64 
& pl. xxx. 

Macropoma Mantel, 136 & pl. viii. 

() Mactromya brevis, 46. 

Magpie Mine (Derbyshire), Carb. 
Limest. in, 243. 

Makwa or Wankie’s Drift (Rhodesia), 
167, 193, 203, 212, 213. 

Malton Gorge (Yorks) & Lake Picker- 
ing, 475-76 w. map. 

Mamba R. (Rhodesia), ‘ pillow-strue- 
ture’ in basalts of, 192; dolerite 
from, 208. 

Mammalian remains, preservat. of, in 
8. Africa, 206. 

Map of outcrop of Arngrove Stone, 
41; maps showing outcrop of Gault 
& sub-surface water-contours in 
Chalk of Herts & Wilts, 102; show- 
ing sub-surface water-levels in the 
Chalk of Dorset, Wilts, & Hants, 
pl. v; geological, of the country 
betw. Newton Abbot & Torquay, 
108 ; map showing plateau-areas & 
their probable former connexion 
across Torbay, 120; of neighbour- 
hood of Bahia, showing localities 
where Cretaceous foss. were found, 
129; geol. map of country around 
Batoka Gorge, pl. xvii; map show- 
ing loop of Deka R. nr. confluence 
w. Rondulu B., 177; map of Batoka 
Gorge at Tshimamba Cataracts, 
189 ; of gorge of Karamba R., 190; 
map of Silurian inlier of E. Mendips, 
220; geol. maps of Miller’s-Dale, 
Matlock, & Tissington areas of vole. 
activity, pls. xix-xxil; map of 8. 


Nigeria, 310; of the Oban Hills (8. 
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Nigeria), 314; extract fr. geol. map 
of Barbados, pl. xxiii; maps of 
Swansea earthquake, 354 & pl. xxv; 
of Ochil earthquakes, 363, 365, 369 
& pl. xxvi; contour-maps of a por- 
tion of the Cheshire Plain, of the 
Trowbridge Plain, of the Eastern 
Plain, &c., & of the Oxford Plain, 
pls. xxxi-xxxiv; contour-map of the 
Vale of Pickering & the Malton 
Gorge, 476; do. of the neighbour- 
hood of Marrington Dingle, 482. 

Maps presented, ii, iv, vi, vi, Ixx, 
xxii, Lxxv, Ixxvi, Ixxvil. 

Mapp’s Plantation (Barbados), sect. 
deser. & fig., 325, 326. 

Maramba R. (Rhodesia), 199. 

Marimba R. (Rhodesia), 193. 

Marine fauna in ‘Culm’ of W. Devon 
& N. Cornwall, 23-24; in Bristol 
Coalfield, 445-69 w. sect. & pl. xxx 
(foss.). 

Marrington Dingle (Shropshire), 481—- 
83 w. map. 

Marsuatt, J. W. D., fon Fullers 
Earth of Dundry Hill], 421-22. 
Martin (EH. Kent), silicified wood fr. 

Upper Chalk of, lxxii. 

Masson (Derbyshire), 259, 260. 

Masui R. (Rhodesia), 199. 

Matetsi & Matetsi R. (Rhodesia), 
183, 193 e¢ seqq., 204 et seqg. 

Matheison’s (Rhodesia), 196, 212, 
214. 

Matlock area (Derbyshire), toadstones 
of, 256-66 & pls. xx-xxi (maps) ; 
vert. sect., 249. 

Matubola Beds, 171-74. 

Mavangu creek (Zambezi Basin) tuff (?) 
&e. from, 184, 210, 212, 213. 

‘ Mavinga Dyke ’ non-existent, 186. 

Mawson, J. (& A. S. Woodward), on 
the Cretaceous Formation of Bahia 
(Brazil) & on Vertebrate Fossils 
collected therein, 128-39 w. map & 
pls. vi-viii (foss.). 

Mawsonia gigas, gen. et sp.nov., 134— 
37 & pls. vii—viii. 

Mediterranean (W.), 
basalts of, 69-79. 

Megalichthys pygmeus (?), 467. 

Megalurus Mawsont, 137. 

Melania-like gasteropods fr. Creta- 
ceous of Bahia, 139. 

Meldometer, 151-52, 155, 157, 159, 
161. 

Mells Road (Somerset), sect. in rail- 
way-cutting deser., 405. 

Melting, artificial, of igneous rocks, 
apparatus deser. & fig., 146-47; 
method of procedure, 147-51. 


? 


titaniferous 
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Melting-points of rock-glasses, 152; 
of minerals, 157, 159. 

Melton Mowbray (Leicest.), glacier- 
lake (?) cleposits at, 489. 

Menvit1, E. H. V., exhibits specims. 
fr. Roberts-Victor diamond-mine, 
Boshof, vi. 

Mendips, E. (Somerset), Silurian in- 
lier of, 217-40 figs. & pl. xviii 
(microscop. sects.). 

Mica-schists in 8. Nigeria, 313, 315, 
317 w. chem. anal. 

Micheldever Chalk, rate of absorption 
of water by, 82, 83; influence of 
pressure on flow of water in, 88, 89. 

MicueEtt, Sir Lewis, 207. 

Microzoa in Upper Coral-Bed, 387; 
comparative table of, 413-14. 

Middleton (Derbyshire), lava of, 258- 
59 


Midford (Somerset), sect. in road- 
cutting deser., 406-408, & table ii 
facing 408; list of microzoa in 
Upper Coral-Bed at, 413-14. 

Midford Sands, 407 e¢ segq. & tables 
ii-iil facing 408, 416. 

Midlands (& Lincolnshire), Chalky 
Boulder-Clay of, 490-94. 

Miller’s-Dale area (Derbyshire), toad- 
stones of, 243-56 & pl. xix (map). 

Millstone Grit, rate of absorption of 
water by, 83; influence of pressure 
ou flow of water in, 88, 89; M. G. 
in Bristol area, 451-53; relat. of 
same to Lr. Coal-Measures ibid., 
446-51, w. sect. on p. 452. 

Mincent Hill (Devon), section through, 
fr. Great Hill, 109. 

Mines, observations of Swansea earth- 
quake in, 35&-60. 

Minerals, artificial fusion of, 153-57 
fig. 

Minigeiow Hill (Derbyshire), toad- 
stone presumably absent, 259. 

Miocene age of Oceanic Series, 337. 

Misery, Mount (Barbados), Oceanic 
Series, &e. at, 332; sect. to Bell 
Point, pl. xxiii. 

Modiola sp. nov. (Carb.), 462 & pl. xxx, 

Mo.uynevux, A. J. C., 181. 

Mombasa (Brit. E. Africa), fossils 
from, exhibited, vi. 

Monazite of Abuton, 318. 

Monk’s- Dale Vent (Derbyshire), 
251. 

Monsal Dale (Derbyshire), vert. sect. 
showg. relative posits. of toadstones 
betw. Miller’s Dale and, 249. 

Montlivaltia-Beds, 419-20. 

Montserrat (Brazil), Cretaceous of, 
130. 
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Moon’s Hill (Mendips), lava or trap 
of, 221-22, 230-31 w. chem. anal. 
& pl. xviii; coarse ashy conglo- 
merate of, 228 fig. 

Moor-Lane Vent (Derbyshire), 264. 

Morchard type of Culm measures, 6, 

Moraan, C. Lioyp, 219. 

Mottisfont Chalk, rate of absorption 
of water by, 85; influence of pres- 
sure on flow of water in, 88, 89. 

Mount Misery, &. Sce Misery, ge. 

Mount-Wilton Hill (Barbados), sect. 
fig. & deser., 331-32. 

Mountain Limestone, sce 
ferous Limestone. 

‘Mouths’ in cliffs of W. Devon, 3, 8. 

Mouthmill Limestone (Upper Carb.), 
1], 24. 

’*Mtoro’s Kraal (Rhodesia), 175, 181, 
197, 207, 212. 

Murr, H. B., exhibits specims. fr. 
Mombasa, &ce., vi. 

Multicarinate & multicostate develop- 
mental stages (test-ornament of 
brachiopods), 340-41 & pl. xxiv. 

Murcuison medallists, list of, xxviii ; 
geological fund, list of awards from, 
Xxx. 

Museum, annual report on, xii. 

My Lady’s Hill (Barbados), sect. descr. 
& fig., 321-24; sect. to Conset 
Point, 323. 


Carboni- 


Nabor Point (Devon), 16, 22. 

Namaruba R. (Rhodesia), pebbles of 
granite, &c. in, 171, 172; thickness 
of basalt opposite Zambezi con- 
fluence, 195. 

Names of Fellows read out, Ixxvii. 


Nannosuchus, contrasted w. Gonio- 
pholis crassidens, 60. 
Nantymoel colliery (Glamorgan), 


effects of earthquake in, 360, 

Naticopsis (2) disjuncta, sp. nov., 464 
& pl. xxx. 

Nautiloid shell, fragment of (Bristol 
Coal-Measures), 466; see also 
Plewronautilus, &e. 

Neath (Glamorgan), reported earth- 
quake at, 352. 

Nephelite, in Catalonian. &c., basalts, 


TAs 

New-Bridge Sill (Derbyshire), 274— 
7d. 

Newcastle House (Barbados), 527, 328. 

Newton, E. T., 30; exhibits specim. 
of Beryx splendens, lxx. 

Nuwron, R. B., table vii, facing 436. 

Newton Abbot (Devon), geol. map of 
country betw. Torquay and, 108. 
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N opeanstranee cutting (Derbyshire), 
70. 

"Ngoni’s Kraal (Rhodesia), 178, 179, 
212, 214. 

Niccolls (Barbados), 332. 

Nickel, in Sardinian, &e., basalts, 76. 

Nigeria (S.), post-Cretaceous strati- 
graphy of, 308-12 w. map ; geology 
of Oban Hills, 313-16 w. map & 
sect.; crystalline rocks of Kuku- 
ruku Hills, 317. 

Nodules, calcareous, in ‘Culm’ of W. 
Devon & N. Cornwall, 13-16; 
phosphatic, in Kimeridgian of Rid’s 
Hill, 33; rounded, of olivine, in 
Catalonian, &c., lavas, 71. 

"Nongu R. (Zambezi Basin), 187. 

‘Norms’ (mineralogical composition) 
of titaniferous basalts of W. Medi- 
terranean, 74-75. - 

Nova Scotia, Geological-Survey maps 
presented, Ixxv. | 

Nucula equalis, 459-60 & pl. xxx. 

Nuculana acuta, 460. 

Nuniber of Fellows, &c., viii, xix. 

Nunney Common (Somerset), Doult- 
ing Beds, &e. of, 400. 


Oban Hills (S. Nigeria), geology of, 
313-16 w. map & sect. 

Obituaries of deceased Fellows, &c., 
li-lxix. 

Oceans, new light on origin of, 344— 
50 


Oceanic Series in Barbados, 328, 332, 
334, 335, 337. 

Ochii earthquakes of September 1900 
to April 1907, 362-74 w. maps & 
pl. xxvi (map). 

Officers, election of, xxii—xxiii. 

Ogun R. (8. Nigeria), 312. 

Okpanam (S. Nigeria), 309. 

Old Red Sandstone in E. Mendips, 
217, 229, 234 et segq. 

Oldford (Somerset), sect. descr., 404. 

OtpHAM, R. D., the Constitution of 
the Interior of the Earth, as re- 
vealed by Earthquakes : 11.—Some 
New Light on the Origin of the 
Oceans, 344-50. 

Oligocene age of Barbadian coral- 
rocks disproved, 333-34, 336; 
Oligoc. age of Upper Scotland 
Group, 337. 

Oligoelase, artificial fusion of, 154. 
Olivine, rounded nodules character- 
istic of Catalonian, &e. lavas, 71. 
Olivine-basalts of Calton Hill (Derby- 
shire), 201-52; post-Cretaceous, of 

S. Nigeria, 313. 
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Olivine-dolerites, ophitic & subophitic, 
of Batoka-Gorge area, 182, 207- 

. 209; do. of Derbyshire, 271 et seqq., 
278, 279. 

Ondo (S. Nigeria), 312. 

Oni R. (S. Nigeria), 312. 

Oolite, Inferior, see Inferior Oolite. 

Orbicella, &c. in Haynesfield Quarry 
(Barbados), 329. 

Orbicella acropora fr, Bridgetown, 333, 
334. 

Orbiculoidea nitida, 457. 

Origin of plateaux around Torquay, 
106-23 figs.; of oceans, new light 
on, 344-50 ; suggested, of coal-beds, 
282-93. 

Originating faults (in earthquakes), 
360-61, 373-74. 


Ornithella cadomensis, 429-30 & pl. _ 


XXVlii, 

ornithocephala, 430 & pl. xxviii. 

Oron (8S. Nigeria), 311. 

Orthoceras cf. cylindraceum, 464-65 
& pl. xxx. 

ef. conguestum, 455 & pl. xxx. 

Orthoclase (& quartz), determ. of 
eutectic proportions of, 158-59. 

Orthogneisses of Oban Hills, 313. 

Orthothetes cf. crenistria, 457. 

Ossi R. (S. Nigeria), 317. 

Ostrea deltoidea (selenitized), 34. 

ef. dubiensis, 45-46. 

Knorri, 423 figs. 

Oswaup, F., award fr. Murchison 
fund to, xlvlii. 

Otua (S. Nigeria), ferriferous mica- 
schist of, 317. 

Overflow-channels (fr. Glacial lakes), 
examples of, 470-71 & figs. on 
pp. 472-78, 481-83 w. map on 
p: 482. 

Overthrust-planes on W. Devon & 
N. Cornwall coast, 6, 7. 

Oweniasuchus, contrasted w. Gonto- 
pholis crassidens, 60. 

Oxford, Lake (suggested), & Goring 
Gap, 494-506 & pl. xxxiv (map). 

Oxfordshire Gravels, 496. : 

Oxlow (Derbyshire), 246. 


Paleolima retifera, 462 & pl. xxx. 

Paleoniscid clavicle (Bristol Coal- 
Measures), 468; see also lon- 
ichthys, &e. 

Paragon (Barbados), 333. 

Parallelodon tenuistriatum, 460-61 & 
pl. xxx. 

Pargasite, artificial fusion of, 154. 

Paris, HE. T., 386, 412, & table vi, 
facing 436. 

Parkinson, J., the Post-Cretaceous 
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Stratigraphy of Southern Nigeria, 
308-12 w. map; the Geology of the 
Oban Hills (Southern Nigeria), 
313-16 w. map & sect.; the Crys- 
talline Rocks of the Kukuruku 
Hills (Southern, Nigeria), 317. 

EES OE Sill (Derbyshire), 271-. 

Peasdown (Somerset), sect, in Red- 
Post Quarry deser., 412. 

Pedra Furada (Brazil), Cretaceous of, 
30. 


‘ Pegass’ (tropical peat-land), 292. 

Pegmatites in §. Nigeria, 313, 317. 

Pembrokeshire (S. Wales), plateau- 
features in, 122-23. 

PryFiELp, S. L., obituary of, lviii-lix. 

Pennine (?) in altered §S. Nigerian 
rocks, 315. 

Permo-Carboniferous of Sao Paulo, 
Stereosternum tumidum from, v; 
P.-C. age of Matobola Beds or 
Wankie coal-measures, 174. 

Peterhead Granite, artificial fusion 
of, 150, 151. 

Phase-intervals, Californian & Colom- 
bian earthquakes, &c., 345-50. 

Phosphatic nodules, in Kimeridgian 
of Rid’s Hill, 33. 

Phyllites in 8S. Nigeria, 313, 315. 

Physical constants, changes which 
take place in certain minerals & 
igneous rocks, on the passage from 
the crystalline to the glassy state, 
145-61 figs.; phys. features of 
Batoka-Gorge area of Zambezi 
Basin, 165-70 fig. 

Piekering, Lake (Yorks) & the Malton 
Gorge, 475-76 w. map. 

Piperon fund, list of awards from, 
xxxill, Ixxvi. 

‘ Pillow-structure’ in vesicular Batoka 
Basalts, 192. 

Plain, high-lying, in Zambezi Basin, 
166. 

Plant-remains in ‘Culm’ of W. Devon 
& N. Cornwsll, 17-23 figs.; in 
Permo-Carb. of Wankie, &c., 174 e¢ 
segg.; in Coal-Measures, xerophytie 
character of, & suggested origin of 
coal-beds, 282-93 ; plant-remains 
fr. Inf. Oolite of Brora, 375-82 fig. 
& pl. xxvii. 

Plateaux around Torquay, age & origin 
of, 106-23 figs. 

Pieper, J. H., 29. 

Pleistocene coral-rocks in Barbados, 
320 et segg., 333-34; Pleistoe. 
erosion in England, 506-507. 

Pleuronautilus costatus, 465. 

Pleuroplax Rankinei, 467. 
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Pleurotomaria carinata, 463. 

gemmulifera, 463 & ple xxx 

Pliocene - Pleistocene succession in 
Barbados, 337. 

Pocoor, R. W., 29, 32. 

Pontardulais (Glamorgan), 
earthquake at, 352. 

Porey’s Spring (Barbados), Oceanic 
Series near, 335. 


Porites in Eornieceer of Chelston, 
334. 


reported 


Porosity (& pressure) influence of. on _ 


motion of sub-surface water, 80- 
105 figs. & pl. v (map). 

Portland Sands of Rid's Hill, 30, 31. 

Posidomella Kirkkmani, 461. 

levis, 461. 

minor, 461. 

Post-Cretaceous stratigraphy of S. 
Nigeria, 308-12 w. map. 

Post-Hocene flexures in S. Devon, 
114-15. 

Potluck Sill (Derbyshire), 272-73 

Pre- & post-Miocene uplifts, oaine 
of Alps after, 300. 

Pressure (& porosity), influence of, on 
motion of sub-surface water, 80- 
105 figs. & pl. v (map) 

Prestwicu medallists, list of, xxxii. 

Priestcliffe Low (Derbyshire), tuff, 
&e. of, 245. 

Prior, G. T., 264. 

Productus cf. antiquatus, 459. 

concinnus mut., 459 & pl. xxx. 

Protocardia sp. (Lr. Kimeridge Clay), 
46. 


Protocetus atavus, proportions of 
centrum of sixth cervical vertebra 
Thayy ULES 

Prout’s Gully (Barbados), 335. 

Prozeuglodon atrox, specim. exhibited, 
vil. 

Pterinopecten carbonarius, 461. 

—— papyraceus, 461-62. 

Pterosaurian fr. Cretaceous of Bahia, 
133. 

Purbeck limestone nr. Battle, Gonio- 
pholis simus from, 52-53. 

Pyroxene-andesites of EH, Mendips, 
232, 238 & pl. xvii (microscop. 
sects. ). 


Quadricarinate & quadrifid develop- 
mental stages (test-ornament of 
brachiopods), 339-40 & pl. xxiv. 

Quartz (& orthoclase), determ. of 
eutectic proportions of, 158-59. 

Quartz - enstatite - diabase, artificial 
fusion of, 150, 151. 

Quartz-rock in Carb. Limest., pl. xix 
(map). 
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Quartz-schists of Kukuruku Hills, 
317. 

Quartzite, chalcedonic, 
Basin, 198-200. 

Quartzite-gravels of Trent & Witham 
hasins, 489-90 & pl. xxxili (map). 

Quinquecarinate developmental stage 
(text-ornament of brachiopods), 341 
& pl. xxiv. 

Quintyns (Barbados), 327 


in Zambezi 


‘Race, in Kimeridgian of Rid’s Hill, 
32, 33. 

Radstock- Bath area (Somerset), Inf. 
Oolite, &c. of, 406-18. 

Ragged Point (Barbados), 320, 325 


Rainfall, former period of, in N. 
Chile, 67, 68; do., in Zambezi 
Basin, 202; mean, in Thames 


Basin, 100, 101. 

Raised beaches of Taltal, 64-68. 

Raphistoma (1) acuta, sp. nov., 462-63 
& pl. xxx. 

radians, 462. 

RasTaLu, R. eu 480, 499, 512. 

Ravensdale tuff (Derbyshire), 254. 

Recession, slow, of Zambezi gorge, 
168. 

Red-Post Quarry (Somerset), sect. 
descr., 412. 
Ruep, FE: BR. C., 219; jon’ Siluvian 
foss. fr. EH. Mendips|, 223, 226-27. 
Reef-corals, superior resisting power 
of, 329, 335. 

Refractive indices of 
152-53. 

Renrvisr, E., obituary of, li—lviii. 

Reynoups, 8S. H., a Silurian Inlier in 
the Eastern Mendips, 217-88 figs. 
& pl. xvii (microscop. sects.). 

Rhadinichthys monensis, 467. 

Rheetic, betw. Carb. Limest. & Inf. 
Oolite in Vallis Vale, 404. 

Fhaxella-chert or Arngrove Stone, 37- 
43 map & pl. i (microscop. sects.). 

Rhizodopsis sauroides, 467. 

Ruopes, Miss Lou:sa, 207. 

Ithynchonella plateia, sp. nov., 431 & 
pl. xxviii. 

Smithi, 431. 


rock-glasses, 


voluta, sp. nov., 430-31 & 
pl. Xxviil. 
—— Waltkeri, sp. nov., 451-32 & 


pl. xxviii. 

Rhyolite, artificial fusion of, 150, 151. 

Ribs, development of, in brachiopoda, 
338-42 & pl. xxiv. 

Ricuarpson, L., The Inferior Oolite 
& contiguous Deposits of the Bath- 
Doulting district, 383-423 figs. ; 
on New Species of Amberleya & 
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Spirorbis, 484-35 figs.; the Inferior 
Oolite & contiguous Deposits of 
the District between the Rissingtons 
& Burford, 437-48; (& the late 
J. F. Waker), Remarks on the 
Brachiopoda from the Fullers’ 
Earth, 426-34 & pls. xxvili—xxix. 

Rid’s Hill (Bucks), section descr. & 
fig., 30-36. 

Ripple-marked sandstones, Cretaceous, 
nr. Bahia, 129. 

Rissingtons (Oxon.), Inf. Oolite of 
district betw. Burford and, 437-44. 

Roberts Victor diamond - mine 
(Boshof), specims. from, exhibited, 


vi. 

Rodborough Hill (Gloucest.), Inf.- 
Oo.ite succession at, 386; list of 
microzoa in Upper Coral-Bed at, 
413-14. 

Rogers, A. W., award of Bigsby 
medal to, xlv—xlvu. 

Rogers, I., 3, 7, 9, 11 e¢ segq., 23, 
28 


Rolston (Barbados), marls, &c. at, 
325. 

Rondulu R. (Rhodesia), sketch-pian 
showing loop of Deka R. at the 
great fault nr. confluence with, 
We 

Rubbly Beds (Inf. Oolite) in Bath- 
Doulting district, 388-89, 390 ez 
segg.; in Rissingtons-Burford dis- 
trict, 439 et segq. 

Rumania, Geol. Surv. maps presented, 

= ave 


St. John’s Church (Barbados), 327, 
328, 332. 

St. Marychurch (Devon), sect. through 
Babbacombe and, 110; connex. of 
plateau w. Aller basin, 115-17. 

Salfemanes, see Titaniferous basalts. 

San Francisco (N. Brazil), Cretaceous 
along railway fr. Bahia to, 130-31. 

San Thomé de Paripe (Brazil), Creta- 
cecus of, 131. 

Sandbanks, now forming in S. Nigerian 
rivers, 308. 

Santo Amaro (Brazil), Cretaceous of, 
131. 

Sao Paulo (Brazil), Stereosternum 
tumidum fr. Permo-Carb. of, v. 

Savoy (& Swiss) Alps, southern origin 
attributed to N. zone in, 294-307 
figs. 

Schistes lustrés, 297, 306, 307. 

Schizodus antiquus, 461 & pl. xxx. 

Sceleromochlus Taylori, gen. et sp. 
nov., fr. Trias of Lossiemouth, 140- 
44 fig. & pl. ix. 
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Scotland Series in Barbados, 336-37. 

Seasonal yariation, its effect on struc- 
tural peculiarities of Batoka Basalts, 
167, 187 et segq. 

SEELEY, H. G., 30. 

Seismographic records of Swansea 
earthquake, 3956. 

Selenite, im Kimeridgian of Rid’s Hall, 
32, 33; selenitization of beJemuites, 
33-34, 

Septaria, in Kimeridgian of Rid’s Hill, 
32. 


Serpula convoluta, 47. 

tetragona, 46-47. 

Serpulite-‘ doggers,’ in Kimeridgian 
ot Rid’s Hill, 34-35. 

Severn drainage-system, 477 ez seqq., 
513-14. 

Sewarp, A. C., 176, 264. 

Shagamo (8. Nigeria), 312. 

Shaly structure in Batoka Basalts, 
193, 209. 

Shap Granite, artificial fusion of, 
150. 

‘Shatter-belts’ among Batoka Basalts, 
187. 

Shepherd’s Shore (Devizes), variations 
of level in well at, 100. 

SHEPPARD, T., award fr. Lyell fund to, 
hx, 

Sipzy, T. F., 244. 

Sigmoidal folds in coast-section (W. 
Devon & N. Cornwall), 7. 

Sijarira Series, suggested identification 
w. Matobola Beds, 180-81. 

‘Silerete’ of Zambezi Basin, 198 ez 
segg., 211, 213. 

Silicified wood, mollusc-bored, fr. 
Upper Chalk, lxxii; silic. wood nr. 
Waukie (Rhodesia), 175. 

Sills in Carb. Limest. of Derbyshire, 
271-78 & pls. xix, xxi (maps). 

Sillimanite-gneisses in S. Nigeria, 313, 
315, 316. 

Silurian inher in E. Mendips, 217-40 
figs. & pl. xvili (microscop. sects.). 

Sioma (Rhodesia), rocks at, 194. 

Sutater, Ipa L., award fr. Daniel- 
Pidgeon fund to, lxxvi. 

Sleight, derivation & meaning of 
term, 384. 

Society Chapel & Plantation (Bar- 
bados), 327. 

Souuas, W. J., 160; award of Wol- 
laston medal to, xli—xlii. 

Soums-LavuBaca, Count H. zu, elected 
For. Memb., iv. 

Songwi R. (Rhodesia), confluence w. 
Zambezi, 183, 209, 212; Batoka 
Gorge at the sharp bends beluw 
the confluence, 185 & pl. xvi. 
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Sound, area of, in Swansea earthquake, 
356 & pl. xxv; nature of do., 357; 
time-relations of shock and, 357- 
58; sound-phenomena in Ochil 
earthquakes, 371-72. 

Southwater (Horsham), Wealden 
Leptolepid fish from, exhibited, v. 
Special General Meeting, lxxiii, 

Ixxvi. 

Specific gravities of artificially-fused 
rocks & minerals, 151, 153, 154, 
156-57. 

Speedwell Vent (Derbyshire), 250-51. 

Spencer, B., 266. 

Spencer, J. W. W., Data bearing on 
the Age of Niagara Falls [title only], 
lxxiv; his paper on the coral- 
limest. of Barbados criticized, 319 
ev seqq. 

Sphene-schists in 8. Nigeria, 313. 

Spheroidal weathering of Batoka Ba- 
salts, 192. 

Spherulitic structure in Batoka Ba- 
salts, 192-938, 208. 

Spiriferina (v) oolitica, as a zonal 
fossil, 388. 

Spirorbis midfordensis, sp. nov., 435 
fi 


d pusillus, 456. 

‘Spouts,’ on coast of Barbados, 320. 

Stantonbury-Hill outlier (Somerset), 
418-19. 

Sraruer, J. W., 493. 

Staurolite-schists in S. Nigeria, 313, 
315. 

Steneosaurus, dorsal scute of, 183 & 
pl. vii. 

Stereosternum tumidum, specim. exhi- 
bited, v. 

Stirrz, A. W., elected Auditor, v. 

Sriaanp, J. A., presents photographs, 
il. 

Stigmaria bearing impress. of Lepido- 
dendron Sternbergit, iii. 

Stoke Lane (Mendips), ‘trap’ of, 230. 

Sropns, M. C., the Flora of the In- 
ferior Oolite of Brora (Sutherland), 
375-82 fig. & pl. xxvii (foss.). 

Strawan, A., 219. 

Straneways, C. Fox, elected Auditor, 
Wis 


Srratucona, Lord, receives Lyell 
medal for J. EF. Whiteaves, xliv— 
xly. 


Strepsodus sauroides, 467. 

Striatulé hemera, deposits of, in Doul- 
ting district, 391. 

Stroud district (Gloucest.), Inf.-Oolite 
succession in, 386. 

Struckmanni hemera, deposits of, in 
Doulting distriet, 302. 
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Studley (Bucks), well-section descr., 
40. 


Sub-surface water, influence of pres- 
sure & porosity on motion of, 80- 
105 figs. & pl. v (map). 

Sunnyhill (Mendips), lava or trap of, 
219-21, 231-32, 238 & pl. xviii; 
tuff in quarry, 229-26 figs., 238 & 
pl. xviii. 

Surface-limestone (& tufa) in the Ba- 
toka-Basalt area, 202-204; surface- 

deposits zbid., 211, 213-14. 

Swansea (Glamorgan) earthquake of 
June 27th, 1906, 351-61 w. map & 
pl. xxv (map), 374, 

Swiss (& Savoy) Alps, southern origin 
attributed to N. zone in, 294-307 
figs. 

Syakowi (Rhodesia), Batoka Gorge at, 
pl. xii. 

Syenite, artificial fusion of, 149, 151 
et seqq. 

Syxus, F. W., 207. 


Tabor, Mount (Barbados), sect. to 
Villa Nova, descr. & fig., 828-29, 
330, 

Tadhill (Mendips), lava or trap, 222, 
232, 238; tuff w. Silur. foss., 226— 
27; sect. to Bottlehead Springs, 
234 ; sect. 2 furlongs 8.W. of, 236 ; 
microscop. sect. of tuffs, 238 & pl. 
Xviil. 


Taltal (Chile), raised beaches of, 64— 
68 | 


Taytor, Wm., 140, 143. 

Tellinomorpha (2) Hindii, sp. nov., 
460 & pl. xxx. 

Temnocheilus tuberculatus, 465. 

Temperature, suggested mecrease of, 
under ocean-basins, 350. 

Terebratula doultingensis, 8p. nov., 
432 & pl. xxix. 

—— globata, 433-34 & pl. xxix. 

——— lenthayensis, sp. nov., 432 & 
pl. xxix. 

—— maxillata, 433 & pl. xxix. 

— spheroidalis, 433. 

Whitakert, 341 & pl. xxiv. 

Test-ornament of brachiopoda, de- 
velopmental stages of, 338-43 & 
pl. xxiv. 

Thames basin, mean rainfall, run-off, 
evaporation, & percolation in, 100— 
101; Thames R., pre-Glacial course 
of, 494-96 ; sect. fr. Thames Valley 
to W. of Jurassic escarpment & to 
' Avon Valley, pl. xxxv. 

Thicket Hill (Barbados), sect. fig. & 
descr., 323, 324. 
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Tuomas, H. H., Petrographical Notes 
[on Rocks from the Batoka Gorge 
of the Zambezi, &c.|, 207-11. 

Three Houses, see Thicket Hill. 

Thrust-plane betw. O. R. 8S. & Silur. 
in E. Mendips, 235. 

Tideswell Dale (Derbyshire), lava of, 
247; 'T. D. Sill, 273-74. 

‘Tie Pits,’ nr. Atherfield Point (I. of 
Wieht), 50. 

Timbo (Brazil), Cretaceous along rail- 
way to, 131. 

Time-relations of sound & shock in 
Swansea earthquake, 357-58. 

Timsbury Sleight (Somerset), sect. 
descr., 413-16, & table iii, facing 
416; list of microzoa in Upper 
Coral-Bed at, 413-14; hemerz of 
Liassic ammonites at, 415. 

Tissington area (Derbyshire), toad- 
stones of, 266-71 & pl. xxii (map) ; 
vert. sect. showg. Yoredale Series, 
249. 

Titaniferous basalts of W. Mediter- 
ranean, 69-79 w. chem. anals. 

Toadstones of Derbyshire, their field- 
relations & petrography, 241-81 
sects. & pls. xix—xxii (maps). 

Toarcian in Doulting railway-cutting, 
390. 

‘ Torf ’-tracts in Zambezi Basin, 169- 
70. 

Torquay (Devon), age & origin of 
plateaux around, 106—23 figs. 

Tortworth (Gloucest.), 237. 

Trap or lava in Silurian inlier of E. 
Mendips, 219-22, 230-82. 

Tremolite, artificial fusion of, 154. 

Trent R., former & present courses of, 
487 et segq. } 

Trepiin, E. C., 219. 

Trias, of Lossiemouth, Scleromochlus 
Taylori from, 140-44 fig. & pl. ix; 
Triassic Drift in Oxford area, 497— 
99. 

Trigonella Fleuriausa, 339-40 & pl. 

_ XXIV. 

Trigonellina, gen. nov., definition of, 

_ 342. 

pectunculus, 340 & pl. xxiv. 

Trigonia-Grit (Upper), in Bath- 
Doulting district, 384-86, 390 
et segg.; in Rissingtons-Burford 
district, 439 ez segq. 

Trowbridge (Wilts), suggested Glacial 
lake, 483-86 & pl. xxxii (map). 

Truellii hemera, deposits of = Upper 
Coral-Bed, 387 et seqq., 439 et segq. 

Trust-funds, statement of, xxxviii- 
XN. 


sheza’s (Rhodesia), 199. 
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Tshimamba Cataracts (Rhodesia), 
sketch-plan of Batoka Gorge at, 189; 
view of Batoka Gorge below, pl. xiii; 
granulitic dolerites from, 209. 

Tufa, deposited by calcareous spring 
on N. Cornwall coast, 12; (& sur- 
face-limestone) in Zambezi Basin, 
202-204. 

Tuffs in Zambezi Basin, 184, 210; 
tuffs, &c. in Silurian inlier of E. 
Mendips, 222-26 figs., 233-38 & 
pl. xviii; of Carb. Limest. age, in 
Miller’s-Dale area, 253-56; do. in 
Matlock area, 2638, 265-66 ; of Yore- 
dale age, in Tissington area, 270. 

Tunstead (Derbyshire), 245, 246. 

Tut Hole (Devon), anticline at, 7. 

Turcusr, J. W. [on Stantonbury-Hill 
outlier], 418. 

Twerton-Hill Quarry (Somerset), sect. 
deser., 416-17. 

Twin-character of Swansea earth- 
quake, 355. 


Urr, J. J., 29, 34. 

Ugbrooke type of Culm measures, 6. 

Umgwezi R. (Rhodesia), 193. 

Unconformity, betw. Benin Sands & 
Ijebu Beds, 309. 

Underground water, influence of pres- 
sure & porosity on motion of, 8U- 
105 figs. & pl. v (map). 

Unicarinate & uniplicate develop- 
mental stages (test-ornament of 
brachiopods), 341 & pl. xxiv. 

Unioniform shells fr. Cretaceous of 
Bahia, 139. 

United States Geological Survey, maps 
presented, lxx. 

Upper Coral-Bed (Inf. Oolite), in 
Bath-Doulting district, 887-88 ; at 
Timsbury Sleight, list of microzoa 
from, 413-14. 

Upton, C., 387; Comparative Table 
of the Microzoa from the Upper 
Coral-Bed, 413-14. 

Ussnmer, W. A. HE. [on the Culm of 
W. Devon & N. Cornwall], 5-6, 
27-28 ; presents his geol. map. of 
Devon, Ixx. 

Utchi (S. Nigeria), 317. 

Uwet (S. Nigeria), ‘ Fruchtschiefer’ of, 
313, 315-16 w. sect. 


Vallis Vale (Somerset), sect. descr. & 
fig., 400-404. 

Variation of pressure (flow of water) 
in interstices of arock, experimental 
data on, 94-95; var. of water-level 
in different districts, 98-100. 
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Vauenan, A., award fr. Wollaston 
donation-fund to, xlvii; [on marine 
fossils fr. Bristol Coal-measures], 
457 et segg.; [on Montlivaltia- 
Beds], 419-20. 

Veins of calcite in Batoka Basalts, 
187, 188 fig. 

Vents, ancient volcanic, in Miller’s- 
Dale area, 250-52 ; in Matlock 
area, 26] 65 ; in Tissington area, 
267-69. 

Vertebraria in anne Series, 176. 

Victoria Falls (Rhodesia), geology of 
Zambezi Basin in region of, 162- 
216 figs. & pls. x—xvii. 

Vipau, E., 4. 

Villa Nova (Barbados), sect. to Mount 
Tabor, descr. & fig., 328-29, 330. 
Vivipara-like gasteropods fr. Creta- 

ceous of Bahia, 139. 

Volcanic dust, soil supposedly formed 
by, ii; vole. rock-succession in 
8. Africa, 215-16; vole. activity, 
three main areas of, in Derbyshire, 
242; see also Lavas, Tuffs, gc. 

Volume of igneous rocks & minerals, 
percentage-increase on their con- 
version into glass, 149, 151, 154. 

Vyrnwy R., pre-Glacial course of, 
A477, 480. 


Wakebridge Mine (Derbyshire), 266. 

Waldon Hill (Devon), sect. through 
Torquay to Walls Hill, 118. 

WaAuker, the late J. F. (& L. Ricuarp- 
son), Remarks on the Brachiopoda 


from the Fullers’ Harth, 426-34 & 


pls. xxvill—xxix.. 

Walls Hill (Devon), sect. through 
Torquay to Waldon Hill, 118. 

Walltyning Plantation ( Mendips ); 
226. 

Walmer Lodge (Barbados), 333. 

Wankie Sandstones & Coal-measures 
(Rhodesia), 173-76 ; 
Wankie) & sect. in, adjacent to 
Deka Fault, pl. xvii. 

Wankyy, A., 124. 

Warberry Hill (Devon), sect. fr. base 
of, through Yaddon & Daison Hills, 
110; sect. showg. plateaux flanking 
W. H., 118; Warberry-Lincombe 
ridge, 117-18. 

Warp, J., obituary of, Ixviil. 

Warren Farm (Studley), ‘ caleareous 
Arngrove Stone’ of, 38, 39 & pl.1 
(microscop. sect.). 

Wasuineton, H. S., the Titaniferous 
Basalts of the Western Mediter- 
yanean, 69-79 w. chem. anals, 
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Water, sub-surface, influence of _pres- 
sure & poresity on motion of, 80- 
105 figs. & pl. v (map). 

Waterford (Banton). 333, 334. 

Waterswallows Sill (Derbyshire), 273. 

Warts, W. W., receives Wollaston 
award for A. Vaughan, xlvii; ex- 
hibits maps, Ixxvi. 

Wealden Shales of Atherfield, Gonzo- 
pholis crassidens from, 50-63 & 
pls. 1i-iv ; Wealden of Southwater 
(Hor sham), Leptolepid fish ex- 
hibited, v. 

Welcombe Mouth (Devon), contorted 
shales & sandstones N. of, 8 fig. 
Wellow (Somerset), sect. deser., 408— 

409. 

Westphalian, use of term, 17. 

Westward Ho! (Devon), limest.-bands 
near, 11. 

Whatley Combe (Somerset), 
Oolite, &c. of, 898, 399. 

Wuiraker, W., exhibits silicified wood 
fr. Upper Chalk, lxxii. 

Wuirs, H. J. O., 512. 

Wurtst, Wa.rrr, 50. 

Wuirsravss, J. F., 
medal to, xliv—xlv. 

Wibben-Hill Vent (Derbyshire), 269. 

Wiltshire, maps showing outcrop of 
Gault & sub-surface water-contours 
in Chalk of, 102 & pl. v. 

Winwoop, Rev. H. H., 219. 

Witham R., former & present courses 
of, 487 et seqgg. 

Woxtaston medallists, list of, xxvi; 
donation-fund, list of awards from, 
XXV1l. 

Wolverhampton (Staffs.), concentra- 
tion of erratics betw. Bridgnorth 
and, 479. 


Inf. 


award of Lyell 


W004, silicified, fr. Upper Chalk, Ixxii; — 


nr. Wankie (Rhodesia), 175. 

Woodeaves Vent (Derbyshire), 267- 
69. 

Woops, H., 312. 

Woopwarp, A.S., 41, 51, 52, 62; on 
a new Dinosaurian Reptile (Sc/ero- 
mochlus Taylori, gen. et sp. nov.) 
from the Trias of Lossiemouth, 
Higin, 140-44 fig. & pl. ix; (& J. 
Mawson), on the Cretaceous For- 
mation oi Bahia (Brazil), & on 
Vertebrate Fossils collected therein, 
128-39 w. map & pls. vi-viii (foss.). 

Woopwarp, H. B., ix, li, 512; [on 
Kimeridgian, &c., of Brill district], 
48 


Worgan’s or Worden’s Quarry 
(Gloucest.), 387; microzoa in Upper 
Coral-Bed, list of, 113-14. 


we 
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Xerophytie character of certain coal- 
plants and suggested origin of coal- 
beds, 282-93. 


Yaddon or Yeadown Hill (Devon), 
109: sect. through Daison Hilland, 
to the base of Warberry Hill, 110. 

‘Yellow ground’ fr. Boshof, vi. 

‘Yellow Marsh’ Farm (E. Mendips), 
297, 232. 

Ynysybw] colliery (Glamorgan), effects 
of earthquake in, 359. 

Yoredale Series of Derbyshire, igneous 
rocks in, 242, 261. 

Ystalyfera (S. Wales), reported earth- 
quake, 352. 

Ystrad Rhondda colliery(Glamorgan), 
effects of earthquake in, 359, 360. 
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Zambezi Basin around Batoka Gorge 
(Rhodesia), geology of, 162-216 
fies. & pls. x—xvii. 

Zamites sp.(?), fr. Inf. Oolite of Brora, 
378, 379. 

Zeilleria quadrifida, 339 & pl. xxiv. 

cf. quadrifida, 343 & pl. xxiv. 

—- subquadrifida, 843 & pl. xxiv. 

emarginata, 434. 

Zeolites in amygdaloidal Batoka 
Basalts, 184-85, 211. 

Zeuglodon Wanklynt, cervical vertebra 
of, 124-27 fig. 

Zeuglodonts & former land-connexion 
betw. Old & New Worlds, 126-27. 

Zigzagging chasm below Victoria Falls, 
166-67, 185; origin of, 187-92 figs. 
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